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Each lesson fcllovs a typical format including a lesson overview, a 
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section^ and a lesson summary. (Progress checks are provided for each 
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The military-develq^ed curriculum materials in this course 
package were selected by the National Center for Research in 
Vocaticaial Eaucation Military Curriculum Project for dissem- 
ination to the six r^onal Curriculum Ooordination Centers and 
other instructixMial materials agencies. The purpose of 
disseminating tiiese courses was to make curriculum materials 
dsEvelqped by the military more acoesslU.e to vocatUml 
educators in the civilian setting. 

^ The course materials were acquired, evaluated by project 
stfif ^and practitioners in the field, and prepared for 
d^^sanination* Materials vdhich were specific to the nilitary 
were deleted, oc^r/righted materials were either onitted or appro- 
val for their use was obtained. These course packages contain 
curriculum resource materials vrtiich can be adspb&d to support 
vocational instruction and curriculum develOEfnent. 
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How Can These 
Materials Be Obtained? 



an activity to increase the accessibility of 
military^developed curriculum materials to 
vocational and technical educators. 

This project, funded by the U.S. Office X)f 
Education, includes the identification and 
.acquisition of curriculum materials in print 
fornrP,1rom*the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Ac<^^ to*milItary curriculum materials Is 
provided through a "Joint Memorandum of 
Understanding*' between the U.S. Office of 
Education and. the Department of Oe^ense. 

Jhe acquired materials are reviewed by staff 
{ind subject matter specialists, and cqurses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 

Project Staff; 

Wesley. E. Budke, Ph,D., Director 
National Center Clearinghouse 

, Shirley A. Chase^^-D. 
Project Director^N 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been prc/Vided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks and technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 

Aviation 

BuitdtngSc 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machme Shop 
Management & 
Supervision 
Meteorology & 

Navigation 
Photog'^aphy 
Public Service 



The number of courses and the subject areas 
represented will expand as ad^tional mate- 
rials with application to vocational and 
technical education are identif^ and selected j 
for dissemination. ^ 



Contact the Curriculum C^rdination Center 
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materials (e.g., availability and cost). They 
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you to an instructional materials agency 
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The National Center for Research in 
Vocational Education's mission is to increase 
the ability Of diverse agencies, institutfons, 
and organizations to solve educational prob- 
lems relatinr^ to individual career planning, 
preparation, and progression. The National 
Center fuffills its mission by; * 

• Generating knowledge through fesearch 

• Devetoping educational programs and 
products 

• Evaluatfhg individual program needs 
and outcomes 

• Installing educational programs and 
products 
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MODULE THREE 
^ Resistance 
tn thts^modute you wtt) learn of the opposition offered to electron 



> current flow. You wtU learn what this opposition does» why It Is 
needed^ and how' It ts used. You wM t further learn abouttthe Instrument 
used to measure this opposition and how to use It. 

For you to more easily team the above^ this module has been divided 
Into the fol'towtng four tessons? 

Lesson I. 'Characteristics of Resistance 

Lesson M . ResUtors 

Lesson 11,1* ^ Resistor Values ' 

Lesson IV. , _ Ohtnmeters , , ^ 

Do not be concerned at this time wfth names or tprm unfamiliar to 
you. Each will became clear as you proceed. However > Vf you have 
***^^Hl"«tIons> do not hesitate to call your Instructor. Turn to 
the following page and begin Lesson I. ' 
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1 Characteristics of Resistance 
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Overview , Three- I 



OVERVIEW 



1 Characteristics of Resistance 

In the lesson you wtH study and learn about the foftowlng; 

-conductors 

-non-conductors^ 

-how resistance Is used 



Each of the above topics In this lesion will be dlscu:'.^'^ In the 
order Usted. As you proceed through this )esson» 6i>serve and 
foMow directions carefully. 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE MEXT PAGE. - ■ . 
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Study Resources 
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LIST OF STUDY RESOURCES 
LESSON t 

Characteristics of Resistance 

X 

To learrt the material frt this 1essop> you have the option of choosing* 

ft 

according to. your , experience and preferences, any or alt of the foHowtng 

STUDY BOu. 

Lesson rattve 
Programmed Instruction 

Lesson Summary ^ 

ENRtCHHENT MATERIAL: 

NAVPERS SS^fOOA^Ia "Basic Electricity* Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U.S. Governrrtcnt Printing Office, 1965. 

Rememberf you may study all or any of these that you feel are .necessary 
to answer all Progress Check questions correctly. Do not forget that 
)n one sense of the word your Instructor Is a living resource; perhaps 
the best. Cat) him If you have any ktrid of a problem. 



YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES IISTEO ABOVE. .YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TtHE. 
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N«rr«trv« Three* t 

NARRATIVE 

. ' LESSON I 

ChTacterlsttcs of Resistance 

Resistance 

So far you have learned about two electrical quantities present tn 
any circuit, and have seen or measured their effects In your 
power supply and the other circuits you buttt. These factors are, 
of course, current flow and voltagti. 

A third factor present tn all circuits Is resistance . Resistance 
Is the property that opposes current flow. It might be compare'd 
to the friction whlch^opposes the movement of a box across a 
floor* If you push a H^avy box across a nice smooth, polished 
floor, It will move easily for there Is little friction. If, 
however, the same box, Is pushed across a rough concrete floor, It 
wilt be much harder to^ push. ^ 

In ft circuit with little resistance, electronp move easily, and 
a small voltage will cause a high current flow. '^Thls same small 
voltage will be able to push only a small curreht through a cir- 
cuit containing a lot of resistance, for the r^slslftnce re<!uces the 
flow of electrons In the circuit Just as a change In the floor 
surface affects the effort that Is required to move the box. 

Electrical resistance usually Is represented by the letter R^. 
The unit of measure for resistance Is the ohm symbolized by the 
Greek tetter omega (fl) . 

Conductors 

All inaterlals have some resistance, but some materials have much 
more, resistance than others. ,Thts Is due to difference? In their 
atomic and chemical structure*.. Copper Is a good conductor. It 
has many free electrons, so current flows through copper easily. 
Therefore, copper has low resistance. Some other conductors are . 
^aliKiitnum, gottl, and silver. 

^ y 

Conductors, thon, ^ave Idw resistance and are used to carry elec- 
,trons through a circuit to do work In the load or toads In that 
circuit. By using low resistance conductors, little energy Is 
needed to move the current through the conductor, and almost all 
the electrons* energy Is left to do work In the toad. 



Non* Con due tors 

Atoms ^Ich do not easily let go of their electrons are charac- 
teristic of materials which are called non-contfuctors or Insulators . 
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Non-conductors have high resistance* We use them to protect people 
or parts of circuits where we do not want an electrical connection* 
A good example of an Insulator fs the plastfc sleeves on your test 
leads* The&e sleeves protect you from contact with dangerous parts 
of a cfrcutt wSen you are making measurements* Glass, rubber, 
vinyt, mtc^, and dry atr are some other common Insulators* 

The atomic structure of a material ^jeternffnes basically how much 
resistance the materlat has, because tt determines how easily 
electrons can be freed for current flow tn a given volume of 
material* The more free electrons per unit area, the lower the 
resistance of the it^tertal* 

The cross-sectlona) area of the material also affects its resistance* 
The larger the diameter of a wire, the greater the quantity of free 
electrons available and the lower the resistance* 

The final fa:;tor which affects the resistance of a material is its 
length; the longer the wire, the farther the electrons must travel 
in the resisting medium, and the higher the resistance* A piece 
of wire 2 Inches long will have twice the resistance of a 1-Inch 
piece of the same wire* 



How Resistance;. Is Used 

Huch of the work done in electric circuits depends on resistance* 
When current flows through a resistance, the energy removed from 
the electrons is given off in the form of heat* In electric toast- 
ers, irons, blankets and stoves, ^thls heat Is used directly* In 
a lamp'ClIke the one in your power supply), the filament In the 
lamp is heated until It glows brightly and provides light* In 
each case, electrons gajn energy from the source, and then give 
off this added energy in the form of heat when they go through 
the load* 

it is often necessary to limit the current fJciV in a circuit so 
that parts of the circuit will not be damaged by too*much current*' 
Resistance, In the form of a resistor, is used to do this Job*^ A 
■reS^tstor ts a circuit component which contains a measured amount 
of resistance tn one neat package* fn the next lesson you will 
learn more about resistors* 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUOY ANY ^ 
OF THE OTHER RESOURCES LISTEO* IF YOU TAKE THE PROGRESS CHECK ANO 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON* IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
dUESTiOHS CORRECTLY* 
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PROGRAMMtD INSTRUCTION 
LESSON I 

Characteristics of ResTstance 

TEST FRAMES ARE I0» 2I» AND 29. AS BEFORE* GO FIRST TO TEST FRAME 10 
AND SEE IF YOU CAN ANSWER AU THE QUESTIONS THERE. FOLLOW THE OIREC- - 
TIONS GIVEN AFTER THE TEST FRAME. 



I. Recall that current flow Is the directed movement of electrons. 
This movement Is not unop{>osed; all materials offer some opposl 
tlon to the jflow of current. This opposition to current flow 
is called resistance. r 

The purpose of the wires (conductors) In your power supply Is 
to transfer electrical energy with as little loss as possible. 

They have a: 

a. high resistance.- 
b. low resistance. 



(b) low resistance 

I? 

2. Resistance reduced the amount of electron movement. 

This means that resistance: 

a, assists the movement of electrons. 

^^^^ b. limits the flow of current. 

-c. reduces the applied voltage. 
d. adds electrons. ^ - 



\b ) limits the flow of .current 



3* The term used to describe opposition to current Is abbreviated 
R stands for . 
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'f. Which correctly defines resistance? 

, a. Resistance Is the reduction of applied voltage. 

b. Resistance Is the directed drift of electrons. 

• , c. Resistance Is the opposition to current. 

^ d. Resistance fs the limiting of the total number of 

electrons In a material. 

(c) Resistance Is the opposition to currjgnt. 

5. The unit of measure for resistance is the ohm, whi^ch is repre- 
sented by the Sreek letter omega {U) . 

If a conductor has 5il» this means specIftcaHy that the conductor: 

, a. will reduce current by (5fi) amperes. 

^ b. Is 5 ohms long. 

c. has 5 units of opposition. 

, d. will have 5 ohms of current. 



tc} has y units of opposition 



6. Hatch: 



1. E a. U 

2. R b. a 

3. 1 ' . c. V 



(1 . c; 2. a; 3. bj 



7. An ohm Is the unit of resistance which will allow 1 amp of cur- 
rent -to flow if 1 volt is appJied. 



.^dne ohm could also be expressed as: 

^ a. 2 voTTs per amp. 

b* 1 ohm per amp. 

c. 1 amp per volt. 

d. 1 volt pefr ohm. 



p.t. 
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8* Whtch correctly defines the ohm? 

a. the oppostt ton. offered to current by a conductor. 

b. the unit of measure for electron displacement. ' 

* c. the resistance that will permit 1 amp of current to flow 

If I ^/olt Is applied. ^ 
d. the untt of measure for applied force. 



(c) the~ resistance that will permit 1 amp of current to flow 
tf I volt is applied ' 



9. The symbol used to represent the ohm ts: 



a. V 

b. a 

c. e 

d. CI 

e. I 



10. Electrical resistance: 

a. Opposes current flow. 

b. has llttie or no effect on current. 

c. assists voltage. 

d. limits the amount of current. 

e. ts represented by the letter and measured In ohms. 

^ f. Is a measure of the^ amount of current flow In a wire. 

Sf--" 



(this is a test frame, compare your answers with the correct 
answers given at the top of the next page.) 

■ H 
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ANSWERS " TEST FRAME 10 

a/ opposes current flow^ 

d. y{mtt^ the amount of current. 

e. ts represented by the letter R^ and measured ohms. 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 21. OTHERWISE, GO BACK TO FRAME I AND TAKE THE PRO- 
GRAHMED SEQUENCE BEFORE TAKING TEST FRAME 10 AGAIN. 



11. All matter offers resistance to current. One of the factors 
which affect resistance Is the atomic structure of the material 
used as a conductor. Since different materials (e.g., sliver, 
lead, copper) have different atomic structures, you can Infer that: 

a. some materials have greater resistance' than others. 
_^b. -materials with atomic structures which offer Itttle 

opposition are good conductors. 
c. materials wl th atomic structures that oppose current 

are good conductors* 



(a^ some materials have greater resistance than others; and, 
b. materials with atomic structures which offer little opposition 
are good conductors) 

J- 

12. Recall that cyrrent Is the directed drift of free electrons. 
From this you can Infer th^t materials which are good conducTtors 
are those which: 

^ ^ a . have electrons tljat are easily dislodged from the atoms. 

^ b. only have electrons that are firmly attached to the atom. 

^ ^ c. have many free electrons. 



"Ta^ have electrons that are easily dislodged from the atoms; and, 
c. have many free electrons*) 
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13. Metals such as copper have many free electrons as well as 
electrons capable of being freed easMy by a small butsijie 
force* so current flows, through them edsfiy* 

A material Is ^ good conductor because: 

a. It trartsfers electrical energy readily* 

— ^ b . It prevents the transfer of electricity, 

^ c. Its a't&mtcstructure-requi res. larg e jmounts of outside 

force to trove electrons* " 
d> tittle voltage Is needed to move a large amount of 
current* 



(a* It transfers electrical energy readily; and> d* 1 Ittle 
voltage Is needed to move a large amount of current,) 



]k* What are the characteristics of a good conductor? 

* 

a. many free electrons. 

b. low resistance to current. 

c. alt electrons firmly attached to atoms* 

d> transfers electrical energy only at Ijigh voltages. 
e. high. current-limiting effect. 



(a* many free electrons; and> ^* low resistance to current^ 



15. A material In which only a small outside force is required to 

free an electron would have a low and make a good 

* Materials such as glass, rubber, and most 

non^meUlllc materials in which the orbital electrons are firmly 
held by 'the parent atoms are called non-conductors or Insulators. 
An tnsuUtor transfer electrical energy easily* 

woutd/would not 



(resistance, conductojTj, would not) 
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16. Because Insulators are poor conductors of electrical energy* 
they are used to cover conducting materials to prevent an un- 
desired flow of electricity^ In the Illustration below Identify 
the materials used as Insulators by placing a check mark by the 
appropriate lettered arrows: 




ml'- 

1 *< T , V 

y 

r- 

I* 



hi'"* / 



IP. - 
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17. fnsuTators are used to prevent undesirable current flow. They 
keep people from coming Into contact with the circuit and thus 
becoming conducting paths, themselves; they also protect the 
circuits from undes tred cUtreflt flow frojn'withint such as a 
short circuit. 



ELUTRI'CITY PfiCKS i\ 




(GO TO NEXT FftAHE). 




18. Non -^conductors or Insi^ators arel 

a. materials In which electrons do not separate from the 
atom easily. 

b. used to prevent an undeslred flow of current. 

c. (both of the above) 



(c) both of the above 



19. Since non-conductors prevent the transfer of electrical energy, 
you can say that they have: 



a. high resistance. 

, b., many free electroijs. 

c. few free electrons. 

- d. low resistance. 



(a. ^hlgh resistance; c. few free electronsT 
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20. Which of the following correctly describe tri« charact^srlstlcs 
^jof^a conductor? 

V a. hajs^ few free electrons 

^ "'^ b. transfers electrical energy with tittle toss 

c> acts as an tnsulator 

d, electrons easily separated from atom 
e* acts as a large opiioskton to current 

f > offers smajl resistance to current 

g. ^requires Urge outside force to move electrons 

h* has many free electrons 



'Jhl transfers eIect«Mcal energy with Httle loss; J! electrons 

easily separated from atom; f* offers small resistance to current; 
f h> has many free electrons) . 



21. Hatch: 



I . copper wire . 

2* nttiny free electrons 

3* gUis , 

high resistance 

5* electron separation t^rom atom Is easy 

6. rubber 

7* few free electrons 



a* conductor 



b* non-conductor 



(THIS IS A TEST PRAHE. COMPARE YOUR ANSWERS WITH THE CORRECT.^ 
"^SWERS G(VEM at the TOP' OF THE NEXT PAGE.) 



15 



2'2 



P.I. 



Three- I 



ANSWERS - TEST FRAME 21 

1. a 

2. a 
3.. b 
k. b 

5. a 

6. b 

7. b 



IF ALL VOUR ANSWERS MATCH THE CORRECT ANSWER?, YOU MAY GO OH TO 
TEST FRAME 29. OTHERWISE/GO BACK TO FRAME II AND TAKE THE PRO- 
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN. 

22. Kecall that one, and perhaps the most -Important, of the factors 
affecting the resistance of a conductor Is the atomtd structure 
of the material Involved. Another factor, to consider Is the 
length of °the conductor. The longer the conductor the farther 
the electrons must travel and the higher the resistance'. 




- - - - r " ,r 



23* Resistance In a conductor Increases ^s: 

- , , a. tKe length Increases. 
b. the length decreases* 



(a) the length increases 

t 

" 23 
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2k. Conductor lengttV has a direct affect on resistance. Stmply 
^ stated this meiu^s that If length Is Increased^ there wilt be a 
corresponding^ Increase In resistance (If all other factors re^- 
main the sam) . \ 

If a copper wire 5 feet long was replaced with a copper wire 10 
fMt long> resistance wouW: 

a. halve. 
^ b. double. 
c. remain the sameT 



Kb) doubfe" 



25. The final factor to be considered Is t^e cross*secttonaV area of 
the conductor. The larger ^the diameter^ the more free electrons 
available andihe tower the resistance. 

Which would have the least resistance? (Both rods are made 
of the same material.) 





TbT 



26. Resistance In a conductor Increases as: 

a. diameter Increases. 

b. diameter decreases. 



tb) diameter decreases 
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If • conductor k Inches long and lA Inches tn diameter were 
stratched to 8 Inches with the diameter decreasing to t/8 
InchftSt Iti rellstan^e would: 



a* remain tbe same* 
b* decrease* 
c. Increase* 



{c) Increase 



.28. The three factors which affect the resistance of a conductor 

are (1) length* (2) cross-sect lonat jirea^ and (3) type of material 
(atomic structure)V. Of^the^e three/ the atomic structure wll L 
have the greatest affect on res4stance* 
Which' would have the greate$t/resistance? 







-r , il- 


t < 


ta) . • 







29.-Ltst th« factors that affect the resUtance.of a conductor. 



(THIS IS A TEST FRAHE. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE -TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 29 
Atomic structure 
Length 

Cross*secttona1 area (dtameter) 



IF YOW ANSWER IS IHCORRECT > SO BACK TO fSmt 22 ADD TAK£ THE 
PROGRAMMED ScOUENCE. 

IF YOUR ANSWER IS CORRECT. GO OH TO THE NEXT FRAME. 

30* Resistance tn a circuit Is needed* otherwise « . 




Much of the work done In electrical circuits Is due to resistance*. 
When current^ows through a resUtance* the enel-gy removed from 
the electrons ts fliven off In the Form of -heat* In electric 
toasters* Irons, blankets, and stoves this heat Is used directly* 
tn a Imp (like the one In your power supplyU the filament In 
th^ lamp Is heated until It glows brightly, and the heat provides 
'Might* In each case, electrons gain energy from the source, then " 
giva off this added enerpy In the form of heat wHfen they go 
' through the load* 



Resistance Is used to obtain which may lead 




thaat;. light} ^ ^ ' 

AY IWis WIhY' you.may take the progress check, or you may study any of 

THE OTHER RESOURCES LISTED* IF YOU TAKE THE PROGRESS CHECK AND ANSWER 

ALL THjE Questions correctly, go oh to m next lesson, if not, study any 
method of instruction you wish until you can answer all the questions 

correctly; • 19 - 



Narrative 
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AT THIS POINT, YOU MAY TAKE THE PROGRESS CHEC, OR YOU MAY STU&Y 
/*NY OF THE OTHER- RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS C0RRECTt>>40 TO THE NEXT 
LESSON. IF NOT, STUDY ANY<METHOD OF INSTRUCTION YOU^SH UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 



\ 
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OVERVIEW 
LESSON 1 1 

Resistors 

In this Usson you wttt study ^and team about the following: 

-composition resistors 
^ - -wire-wound resistors 

-mechantcal^ differences In resistors 
-wattage rating 

Each of the above topics will be discussed In the order listed. 
As you proceed through this lesson* observe and foMow directions 
carefully. ; 

BEFORE you START THIS LESSON. PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 



Overview 
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LIST Of STUDY RESOURCES 
LESSON II 

Res Is tors 

To learn the material in this lesson," you have the op£ton of ^ 
choosing, according to your experience and preferences, any or 
all of the following: 

STUDY BOOKLET: 

lesson Narrative 
Programmed Ir^structton 
lesson Summat'y 

ENRiCHHENT MATERIAL: 

NAVPERS dS^tOOA-la '*8asic Electricity, Direct Current;'^ , 
FundOTentals of Electronics. Bureau of Naval Personnel. 
Washington* D.C.: U.S. Government Printing Office,' 1965% 

You may study whatever jearnjng m aterials y ou feel-are-jwcessary- 
to answer the questions In the Lesson Progress Check. ,AII your 
answers must be correct before you can go to Lesson III. Rerhember 
your tns^Tuctor Is available at all times for any assistance you ' 
may need. 

YOU HAY NOW STUDY ANY OR AIL OF THE RESOURCES LISTED ABOVE* YOU 
HAY TAKE THE PROGRESS CHECK AT ANY TIME. 



Narrative * 



NARRATIVE 
LESSON II 
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Resistors 

Resistors 

Reslstori are electrical corrponents which are destgne J' and manu^ 
factured to have a specific value of resistance. These components 
are used tn electrical circuits to ttmtt or control the amount of 
current flow. 

Resistors are rated In ohms for resistance value and In watts for 
' power-handling capability. The wattage rating rafers to the re- 
sIstorS ability to dissipate the heat caused by current flow* and Is 
the maximum power a resistor can dissipate without damage from over- 
heating. A resistor's wattage rating Is determined by Its physical 
size and material used In Its construction. Usually* the larger the 
resistor, the more surface It has exposed to the air and the quicker 
It can transfer heat to the air. 

Resistors are made from several materials and In many shapes. 
You will study and learn about two of the more common materials, 
composition (carbon) and resistance wire. 

Composition Resistors 

The carbon or composition resistor Is the most common type 
of resistor. It Is made of a mixture of carbon and clay. 
Changing the ratio of carbon to clay changes the resistance 
of the composition. This makes It easy to control the re*- 
— &lstance-ot-the-mtx^o-that-j^s±ors,jwJth a Mide t^^ __ , . 

values can be made In standard sizes. 




Carbon Resistor 

The principal a^^vantages of a carbon resistor are Its low cost 
and the simplicity of Its manufacture. 

^Composition resistors have two major disadvantages: 

1. They oftt.i change In value with age; 

2. They are unable to carry large currents without damage. 

All four of Che resistors tn your power supply are composition 
res tors. 

Wl re-Wound Resistors 



The wire-Wound resistor Is made from wires which have specified 
resistance ch&racverlstlcs. The length of wire needed for the 
resistance desired Is wound on a ceramic tube, then coated with 
an Insulating gtazai 




Narrative 
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Advantages of the wlre*wound resistor are that it can carry 
large currents without damage* It can be made to very accurate 
resistance values* and It Is very stable In value over long 
periods of time. 

Its ratn disadvantage Is Lhe cost of manufacture. 

The drawings below show three wire-wound resistors* all 
slightly different In construction. 



Mechanical Differences In Resistors 

Resistors can be classified according to certain mechanical 
differences also. 

The resistors In your power supply are examples of fixed 
resistors > that Is, they have only one resistance value. 

The schematic symboS for a fixed resistor Is a zlg-^z^g line: 



Tap_ped Resistors 

Tapped "res Is tors are made with one or more connections avail- 
able between the two end terminals :>o that various values of 
resistance are available from the one resistor. Here Is a 
drawing of^a tapped resistor, and Its schematic symbol: 



A variation of this Is the slldlng-contact resistor . This 
type of resistor has a tap which' can be moved along the re- 
sistor. This movement allows the tap to be adjusted to any 
destred resistance value. Its appearance and schematic dia- 
grams are shown below: 
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MOTE: The st Idlng-contact resistor has the schematic symbol 
of a variable resistor since the amount of resistance used 
may be varied* NormaUy* however* the sliding contact {s 
^et for the desired resistance* and once set, is seldom 
chan';;ed * 



Variable Resistors 



A variable resistor Is used to change tite resistance In a 
circuit at any time* The volume, control on a radio is a 
variable resistor* Variable resistors are subdivided into 
potentiometers and rhft' stats* 

A potentiometer has three connections, one at each end wltFi\^ 
a movable contact between them* It ts very similar to the A 
slldtng^contact resistor in the way it operates, but it Is / 
different In appearance* Here is a drawing of a potentiometer 
and a schematic diagram of a circuit w^'"^ jses one* 




Pictorial Schematic 

The circuit shown controls the way power Is divided between 

front and rear speakers In a car* The volume of sound produced by 

each speaker Is determined by the position of movable contact* 

A rheostat uses only two connections, one end connection and 
a movable contact* A drawing of a rheostat^ and a Ilghtlns 
control circuit using a rheostat are shown* 




Pictorial Schematic 



In this circuit, the rheostat controls current flow In the 
circuit; therefore. It controls the brightness of the light* ' 

Look at Resistor Board 3*1* See your Instructor* 
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Fill tn the blanks and draw the proper schematic symbol for 
each of the resistors on the display board. 



Type of 
Construction 


Mechanical 


Schematic 


Rt 






R2 


Fixed y 




R3 






Compos tt ton 


Fixed 


\ 


Compare your answers with the correct answers 


given below: 

^ 


Type of 
Construction 


Hechanlcat 


Schematic 


Rt Wire-wound 


Sliding Contact 


■VVV- or -V^ 


R2 Wtre-^ur:? 

R3 '^«/t re-wound 
• 


^ Fixed 
Tapped 


-Wv- 


R'f Composition 


Fixed 











On Practice Board 0-1, connect one dry cell, one lamp, the 
switch, and the var abte 0*10 £1 resistor as shown by this 
schematic. 




Turn the shaft of the variable resistor, and note the changes 
tn the brightness of the light. 
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AT THIS POINT, YOU MAY TAKE THE PROGRESS CHEC, OR YQU MAY STU&Y 
ANY OF THE OTHER RESOURCES LISTED. IF YOU TA|<£ THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTl>H*0 TO THE NEXT 
LESSON. IF NOT, STUDY ANY-HETHOD OF INSTRUCTION YOO^SH UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
' LESSON tl 

Resistors 



TEST FRAMES ARE 13, 25, AND 'fS- GO FIRST TO FRAME 13 A^^^)' SEE ' 
IF YOU CAN-ANSWER ALL THE' QUESTIONS TKERE. FOLLOW THE DiRECTIONS 
GIVEN AFTER THE TEST FRAME.; 



1. One thfng whtch must be kept In mfnd Is that resistance Is 
a phystcaT property, affected solely by physical factors. 
To change a r«sistance value, something must be done 
to the conductor, circuit, or device fn question. 

, " » J 

If the voltage applied to a clrcutt-were doubled and a$ a 
result the current flow also doubled, resistance would: 

a. double. 

b. halve., ^ ' ' 
c. quadruple. 

d. not change* 



^dj not change 



Resistance Is a^physlcal property and can be changed by: 

a. varying the wnount of current flow. 

b. Increasing or decreasing voltage. 

c. changing components In- a ''circuit. 



(c) changing components In a circuit 

3. It Is often necessary to limit current flow so that parts of"^ 
the circuit will not be damaged by too much current. Resistance, 
In the form of resIstors,\can be used to do this Job. Resistors 
are used to: 

^ a. Increase current flow.\ 

b. control current flow. 

c. change the voltage applied to the circuit. 



[b) control current flow 

29 
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4. A resistor Is a ctrcutt Qorp;»onent manufactured Jo have a spectftc 
amount of opposition to current flow. This measured amount of 
resistance Is called Its ohmtc (Q) value. The greater the ohmtc 
value* the greater the opposition to current flow. 

Which resistor would have the greatest resistance to current? 



5.^ If voltage Is held constant, vihat must be done In-order to 
decrease the amount of current flow In the test clrcul't below? 



a. Replace the 4-ohm resistor with a resistor of 
higher ohmic value. 

b. Decrease the length of the wire conductor* 

c. Add another resistor to the circuit. 

d. Replace the h-oim resistor with a resistor of 
lower ohmIc value. 



(a. Replace the 4-ohm resistor with a resistor of higher r*hmlc 
value; c. Add another resistor to the ctrcutt.) 
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6. A resistor may be small tn physical size, yet range In *re- 
sistance from less than I ohm to several million ohlns* 

Which resistor would have the greatest current-l Imitlng effect? 

a. A V 

b. B 

Ic. C . 

- d* cannot be determlnedX ' 
(d) .cannot T)e determined > ~ 

7* Which statement Is true? ' * ^ « 

3> It Is Impossible to determine the ohmic value of a 

resistor from Its physical size. 
b> The smaller the physical size of a resistor, the 

larger Its ohmIc value. 
c> The ohmIc value of a Resistor always Increases as 

Its size Increases* 



(a) it Is Impossible' to determine the ohmIc value of . a resistor 
from Its physical size _^ 

8* Resistors ure also rated In watts as well as ohms.* The wattage 
ratln9 of a resistor refers' to Its power-handling capability, 
that Is, 4ts ability to dissipate heat* A resistor's wattage 
rating Is determined by Its physical size and type of material 
used* Usually, the bigger the resistor, the more surface tt 
has exposed to the air and the quicker It can transfer heat to 
the 0lr* 

Which resistor would have the. highest wattage rating? 



a* 



b* 



> 
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9* The wtttage rating of a resistor Is determined by 

ahd 



^physical size; type of material usedj 



10. The p<Mer> or wattage* t^attng of a resistor represents the 
maximum amount of heat that the resistor can safely dissipate 
' wfthout being damaged or destroyed. 

The resistors shwn below are, of Uie same type and ohmlc vetue» 
Whfch resistor* can best carry the largest current without datnage 
. due to overheating? 

. -'■ )— ■ 




n.. Which resistor must have the largest ohmic value? 
a*. 0 ' 

-■-' ^ -y - ■ 

d. cannot be determined 



(d) cannot be determined 



P.I. 



Three- 1 1 



12. If the resistors shown below are of the :;ampt type, which 
t-eslstor would have the highest wa^ttage rating? 



a. Q" 



b. 



c* 



-a 



■ -a: 



d. cannot be determined 



13. Check the statements thst correctly describe a resistor. 

a. Increases current to load 

b. constructecl to any given value 

^ c. ohmic value determined by physical size 

d. may be used as a load devlcjc 

e. limits current 

f . cannot be used as a load 

^^j^g. power rating determined by phmic value 

h. all resistors of the same size have the same 
ohmic value 

^ t, a manufactured component - , 

J. will not affect circuit operation " 

k. will affect circuit operation 



(THIS IS ATTEST FRAME. ■ COMPARE YOUR ANSWERS WITH THE" CORRECT 
ANSWERS GIVEN AT THE TOP OP THE (IfeXT PAGE.) 
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If r * 

r ^ - 


: 

■ ANS^ffiRS -TEST FRAME 13 








k 

la: 

V .. 


b. constructed to any given value 

d. may be Qsed as a load device 

e. 1 tmtts current 










t.i a manufactured component ^ 


4 




J 


r * 


will affect ctrcutt operation 








M- 

; ■ 


fr ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY GO ON TO 
TEST FRAME- 25. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PRO- 
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 13 AGAIN. 

i 

• 1 




« 




i ^ * 

.[ 

h 




"■il 








\ 
\ 








V 




J 
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■ 


■ 
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I't. Resistors are constructed from several different materials and 
vary In size and shape. In this frame sequence you will learn 
about two of the most corvnon types ~ composition (carbon) 
and resistance wire* Read this Infornatlon care^futty* You 
wUl be asked about It In the following frames. 



TYPES OF RESISTORS 
Composition Resistor:* — f 



The carbon or composltlm resistor Is the most conmon type of 
resistor. It Is made of carbon and clay. Changing the racio 
of carbon to clay changes the resistance of the composition. 
This makes It easy to cmtrol the resistance of the mix so .that 
4 resistors with a wide range of values can be made In standarr* 




The wire-wound resistor Is made from wires which have specified 
resistance characteristics* The length of wire needed for the 
resistance desired Is wound on a ceramic tube> then coated with 
an Insulating glaze. 




FIGURE A 



REFER Vi FIGURE A IN FRAME U IN ANSERING FRAMES 15 TO 22. 
15* The two basic types of resistors are: 

^^a. composition and carbon.^ 
* b. composition and wlren^ound. 



tbj composition and wlren^ound 



'is 
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16. Another name for a composftfon resfstor is 
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Icarbon resistor) 



17. Check the way by which a carbon rjeststor might be identified. 

; a. Several connections are attached along the length of 

the resistor. 

b. Mounting brackets are always attached at both ends 
of the resistor. 

c. Wire leads* which are parallel to the length of the 

resistor* extend from the center of both ends. 



(c) Wire leads* which are parallel to the length of the resistor* 
extend from the center of both ends. 



18. WhTch of the following are carbon reststorr? 




d; f) 
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19. Check the ^statements that are true of carbon resistors. 

a. The ratto of the carbon-ctay mix determines 

the ohmic value of the resistors produced. 
b. Varying the ratio of carbon to zinc changes the 

resistor's wattage rating. 
c. The resistance value of carbon resistors depends 

on the length of the wire leads which extend from 

the ends of the resistor. 
^ d. Standard-size resistors with a wide range of re- 

sistance values can be manufactured by varying the 

ratio of carbon to clay. 



Ti"^^ The ratio of the carbon-clay mix determines the ohmIc value 
of th€ resistors produced; d. Standard-size resistors with a 
wide range of resistance values can be manufactured by varying 
the ratio of carbon to clay.) 



20* Which of the following are wire-wound resistors? 




(b; d; e ) 
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21* Wire-wound resistors are: 



constructed by winding thread around a carbon core, 
constructed of various lengths of resistance wire, 
always made of the same kind and amount of wire 
and have the same resistance value, 
made of a mixture or composition of .v/1re» carbon* 
and Insulating material. ^ ' 



a. 
b. 
c« 

d. 



e. the most common type of resistors. 



(b) constructed of various lengths of resistance wire 



22. Raslstors which are made of metal conductors wrapped around a 
tube of Insulation material are known as: 

a. composition resistors. 

b. wIre*wound resistors. 



(b) wire-wound resistors" 



23* The principal advantages and disadvantages of carbon resistors 
are listed below. Read them and then answer the question that 
follows. 

Advantages of Disadvantages of 

Carbon Resistors , Carbon Resistors 



1. Inexpensive and easy 
manufacture 



to 1. ohmlc valtjes tend to change 
with age 

2. lew power-handling capabilities 
3* ohmlc values not highly accurate* 
but tolerances osuat ly wl thtn 
* ^ acceptable limits for most cir- 

cuit appi Icatlons 

When woufti'carbon resistors probably be used? 

a. when precise reslr>tance Values are required 

b. When low cost Is U primary consideration and reasonable 

variations of resistance are acceptable 

c* when precise long-term operation Is required 

d. when extremely large amounts of heat must be 

dissipated 



W when low cost Is a primary consideration and reasonable varia^ 
tlons of resistance are acceptable 
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J'*.' The principal advantages and disadvantages of wire-wound re- 
sistors are listed below* ^ Read them and then answer the 
questions that follows. (Note that the advantages of wire-wound 
resistors are the disadvantages of carbon resistors.) 

Advantages ^ Disadvantages 

of Wire-Wound Resistors . of Wt re-Wound Resistors 

1. , resistance values V. expensive to manufacture 

highly <tccurate and very 
stable over long periods 
of time 

2. high power-handling 
capabil Itles 

When would wire-wound resistors probably be used? 

a. when high current-handling capabilities are 

required 

b- when highly accurate resistance values are 

required 

c. when only short-term operation of a circuit 

Is required 

d. when circuit operation must remain stable for 

long periods of time 
e. when low cost requirements are a primary 

consideration 



Ta^ when high current-handling capabilities are required; b. wKeh 
highly accurate resistance values are required; d. when circuit 
must remain stable for long periods of tim e) 



25. Match, 

I. 

2. 
'3. 
\ 

5. 

6. 



Inexpensive 

very accurate values 

easy to manufacture 

low power-handling 

capabHI ty 

expensive 

high power-handling 
capablll ty 




i 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
,ANSWE?t$ GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAHE 25 

1. a 

2. b 

3. a , 
a 

5. b 

6. b 



IF AU YOUR ANSWERS HATCH TH^ CuRRECT ANSWEr^S, YOU HAY GO ON 
TO TEST. FRAHE kS. OTHERWISE* GO BACK TO FRAHE \k AND TAKE THE 
PROGRAHHEO SEQUENCE BEFORE TAKING TEST FRAHE 2? AGAIN. \ 



26. In addttton to ctasstfytng resistors tn terms of the 

from which they are constructed (corifposltfon and resistance wi re) » 
resistors can be classFfted also accorrltng to the. nunbe r of 
resistance values they are capable of supplying. The tKree 
classtf (cations of resistors are: fixed resistors* tapped 
resistors* and variable resistors. 



(materlafs)" 



27. The carbon resistors tn your power supply are made for one 
value of resistance and cannot be changed. Resistors with 
only one set ohmtc value are classified as; 

a. fixed resistors* 

b. variable resistors, 
c. tapped resistors. 



(a) f^txed resistors" 
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28. Below are two examples of fixed resistors. 



Three- H 



Carbon Resistor 




Wire-Wound Resistor 



These resistors have: 

a* several resistance values. 
, , b# only one resistance value* 



(b) only one resistance. value 



29* The schematic symbol for a fixed resistor Is a jagged» zig-zag 
line. 

Which Is the schematic symbol for a fixed resistor? 



_--|t- 



30* Draw the schematic symbol below the resistors Illustrated. 



P.I. 
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31. A tapped , ^tstor Is made with one or more connections (taps) 
securely fastened between two end .terminals* 




TAPS 



CUPS 
END CDNNEC10RS' 



The resistor Itlustrate^l has how many taps? 



UhreeJ 



32. Each two connections on a tapped resistor provides a specific 
value of resistance. 



A tapped resistor can furnish: 

a. ortly one set value of resistance. 

b. more than one value^ of resistance. 



(b) more than one value of resistance 



■33. The schematic symbol for a tapped resistor Is 
Each perpendicular line represents a tap. 



Draw the appropriate schematic symbol below each resistor 
Illustrated. 




(a. -iAftv -AAAn 
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A variable resistor Is used to- change the resistance in a 
circuit whenever necessary* One type of variable resistor is 
the' sllding^contact resistor * The sllding^contact resistor is 
ma:fe with adjustable connection or collar that can be moved 
along the resistor to obtain any desired resistance value with- 
in the range of the resistor* 

Which of the following is a s) iding-^contact resistor? 




(NOTE; 

)le resistor, and the amount of 
My* however* the sliding contaL . 

changedjj 



35* One schematic symbol for v'ari^b]e resistors is a jagged» 
zig-zag line with a sloping arrow cutting across It* 

Which would be the schematic symbol for a si !ding**cOy^tact 
* resistor? 



^ a* 
b, i/j^ 



• ' ' " So 
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36. Variable resistors can also be represented schematically by 

The arrow Indicates the moveable contact. 

Check the schematic symbols which would be used with the resistor 
below: 




Xa; bj 



37. Hatch the resistors to the appropriate characteristics. 

a. tapped resistor 



1. . has only one resistance 

value 

2. represented schematically 

3. represented schematically 

-VWr- -AAA- 

k.^ represented schematically 
by 

5. has more than one specif!^ 
value of resistance avail- 
able depending on how It 
Is connected 



b. fixed resistor 



c. variable resistor 



(I . b; 2. a; 3. c; A. b; 5. TT 
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38. The two rematntng types of vartabte resistors are the rheostat 
and the potenttoineter. The rheostat has two circuit connections, 
and the potentiometer has three connections. Identify the variable 
resistors betow as either d rheostat or a potentiometer by 
writing the name below the Illustration. 




(a, potentiometer; b, rheostat)' 

(NOTE: There are as many connections In a rheostat and a Potentiometer 
as there are ^'s In the words rheostat and potent lometer J 

< 

39* Although different In appearimce^ a potent fometer and slldtng- 
contact resistor operate in a similar way. The potentiometer ts 
used In a circuit where frequent cnanges In resistance are neces* 
sary while the stidlng-contact is used In case$ where changes are 
seldom required. Both have three connections^ one at each end 
with a sliding contact between them, whl<^ can be adjusted to 
any ^ desired. 



lUsi stall c* 




POTENTIOMETER SLIDING CONTACT 

RESISTOR 



Ireststance) 



its 

02 
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JfO* H^re' l5,,a drawing of a potentiometer and a schematic of a 
circuit which uses one* 



INPUT 





Pictorial 



Schematic 



The circuit shows Kow a potentiometer regulates the volume 
of sound cciming froiri the front and rear speakers of a car 
radio* The arrow represents the adjustable or variable 
contact* 

Which statement Is true? 

a* The vol^mie of sound coming from both speakers depends 
Gn\the position of the variable slldfng contact* 
A potentiometer has one end terminal and two variable 
slldtfig contacts* ' . « . 



(a) The volum^ of sound coming from both speakers depends on the 
position oft^the variable sliding contact ; ^ 



k\. Recall that a variable resistor t s .represented schematically 

bv o-^lyVo » In which the*arrcw represents the adjustable 
controt.or sliding contact* Since a potentiometer must be 
connected at three points In a circuit* It*s schematic symbol 
would bet 



a* qm ^v 
b* -W^ 



c* 



d* <wXv^ 
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^^2. Here U 8 drawing ^n4 3 schematic of ^ rheostat. A rheostat 

differs from a potentiometer in that It uses only one end terminal 
and a sliding contact. ' 




Pictorial Schema t Ic 

Which statements are true?" 

4. A rheostat has two connections. f 

, , b. The schematic symbol for a rheostat \z 

c. The schematic symbol for. a rheostat Is 

_^ d. A rheostat has three connections - two end terminals 
and a moveable contact. 



(a. A rheostat has two connections; c. Thf schematic symbol for 

) 

) : 



a rheostat Is ' ) 



'fS. Here Is a schematic of a lighting control circuit In which a 
rheostat Is used to control current flow In the circuit. 



If the rheostat Is adjusted so that the mount of resistance 
decreases* what happens to the light? 

4 

a. The light dims. . ; 

' ' b. The light burns more brightly. 

c. Thefe would be no change In the Intenst^ of the light. 



(b) The light burns more brightly 



V7 
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44. 'B«1ow each schematic, wrtte the'name of the variable resistor 
used In the circuit. 





^a. rheostat; b. pbtentlometer) 



45* In which circuit cr current flow be changed without replacing 
either the reststo.' or the battery? 
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E 

^6* Match the Illustrattons to the appr^oprtate characteristics. 
_^ t. fixed value ^ 

^ 2. ftxed wt rewound 
3., variable resistance 



two ftxed ^ one 
variable contact 

S> low power*handl tng 
capability 

^ 6. fixed carbon-clay 
composition 

7. tends to change 
value with age 

^ 8* potentiometer 

9. rheostat 






(K a & bj 2. b; 3. c s d; ^. d; S> a; 6. a; 7. a; 8. d; 9. c) 



'*7. Match. 



2. o-^v^ 
3. » ^^^^ 



a . ft xed 

b. tapped 

c. variable 



(I. b; 2. C4 3^ a) 



OS 
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a* 


wt re-wound 




ixedj 


b* 


rheostat 


c* 


si tdtng-contact 


d* 


tapped 


A* 


cacbon (fixed) 




potentiometer 



U. b; 2. d; 3. e; h* c; S. a; 6. f) 



49. List the kind of resistor and draw the proper schematic symbol 
for each of the resistors on Practice Board 3-1. See your 
Instructor. 



Type of 
Construction 



ai 

R2 
R3 
R4 



Hechantcal 

Im 



Schematic 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



SO 
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ANSWERS'- TEST FRAME k9 



Type of 


*Hechantca 1 




Construptton 


Type 


Schematic 


Rl Utre-Uound 


SUdtng^-Contact 


o r 


R2 U Ire-Wound 


Ftxed 




R3 Ut re-Wound 


Tapped 


jyyi 


El4 Composition 


Fixed 


VS/Sr 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
FRAME 50. OTHERWISE, GO BACK TO FRAME 26 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING FRAME kS AGAIN. 



50. On Practice Board 0-1, connect one dry ceH, one lamp,' 
the switch, and the 0-10 ohm variable resistor as shown 
by this schematic: 




OS*! 



Turn the shaft of the varfable resistor and note the changes 
In the brightness of the light. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, dR YOU MAY STUDY ANY 
OF T»e OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. IF 
NOT, STUDY ANY METHOD OF INSTRUCTION VOU WISH UNTIL YOU CAN ANSWER 
ALL THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON n 

Resistors 

Resistors are components which are manufactured to hav^ a given amount 
of resistance and are placed tn electrical circuits to limit and control 
the amount of current flow. Resistors ar& rated In ohms for resistance 
value and In watts for power-handling capability. 

Although resistors are made of itiany inateriats and In many shapes* 
we will cover only two ^f the most comon materials and the shapes 
most often used for them. ^ 

> 

^The first resistor matttrlal you will study {s called compos I tlon 
or carbon . The composition resistor Is made of a mixture of carbon ' 
and clay wHIch Is Inexpensive to manufacture and allows easy control 
of resistance values. It h^ two major disadvantages; It may change 
in value with age> and It Is not ab,1e to dissipate a large amount of 
heat without damage. The resistors In your power supply are all 
composition resistors. 

Wlre^wound resistors are made from wire which has specific resistance 
values. The length of wire needed for a particular resistance Is 
wound on a ceramic tube» then covered with an {ns>*«fatlng glaze. These 
resistors are very stable over long periods of /Jme» can be made to 
Very accurate values* and can be built to dissipate a large amount of 
4ieat. Thel^ mu\ disadvantage is the cost of iriaking them. . 

Resistors can be classified according to certain mt^chanlcal differences 
as well as the material from which they are rnade. Tne most often i^sed 
class Is the fixed resistor . These resistors are made Su that they have 
only one value of resistance. The schematic syrt^ol for a fixed resistor 
Is a zig-zag line tl)<« this; 



Tapped resistors are made with one or nore connections between the 
two end terminals so that one resistor may provide more than one 
resistance value. Its sche:::attc symbol Is shown here; j i^t^ . 

A variation of the tapped resistor is the sliding-contact Resistor * 
which has a movable tap that can be adjusted to any value i n " the 
resistor's range. It Is schematically represented by 1 

or * . -^VsA^ 

A potentiometer Is a vtirlable resistor with three connections, the 
center one movable. The drawings on the next page show a potentio- 
meter and a circuit which uses a potentiometer to control power 
distribution between two speakers. 



ERIC 
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Sp«ok«r 



INPUT 





Sp«ok#r "^2 



Pictorial 



Schematic 



A rheostat controls current flow In a circuit and uses only two 
connections. Here a rheostat Is shown wired to vary the bright 
ness of a larfip. *2 



If you feel you need more Information about resistors, continue 
stuqiying this lesson; If not, perform the experiments at the end of 
the narrative. r . - 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRA\MEI) INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO ON TO JHE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD 
OF INSTRUCTION UNTIL' YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 





Pictorial 



Schematic 
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BASIC ELECTRICITY AND ELECTRONICS 
INDIVIDUALIZED LEARNING SYSTEM 

^ - 




MODULE THREE 
LESSON III 

Resistor Identification 



tKLC 



study Booklet 



SS 



S2 



Overview ' . Thrcc-l 1 1 

OVERVIEW 
LESSON It I - 

Resistor Color Code 

In this lesson you will study and learn about the fotlowing: 

-resistor marking, 

-the color code 

*-part numbering system 

Each of ]:he above topics will be discussed In the order listed. 
As you proceed through this lesson, observe and follow directions 
carefully. 

BEFORE you START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESCURCES 

LESSON III ^ 
Resistor I dent IfJ cat I on ^ , ^ 

To learn the material In this lesson, yc*j have the option of choosing, 
according to yoMr experience and preferences, any or all of the fol- 
lowing: 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS SS'^OOA-la "Baste Electricity. Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel, 
Washington, O.C.: U.S. Government Printing Office, 1965* 
•E.f.H.B. 

AUDIO-VISUAL 

Sound/Slide Presentation - *'Reslst6r Color Code'* 

You may study \^atever learning materials you feel are necessary to 
answer the questions In the Lesson 4>rogres5 Check. AU 'iO\ST answers 
must be correct before you can go to Lesson IV* Remember, your 
Instructor Is available at all times for any assistance you may need* 

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 



Narrative 
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NARRATIVE 
LESSON I ) [ 



Resfstor [dentlflcatlon 

Introductton 

^ou have learned that current (r) Is measured In amperes (a) » 
voltage (E) An volts (v) » and now you are dealing with a quan- 
tity called resistance (r). Resistance also Is measurable* and 
Its unit of r^iiasurement ts the ohm , symbolized by the Greek 
letter p ntega (n). Omega Is used because It sounds like ohm. 
Hetric prefixes are used with oh m also; kllohm and megohm are the 
most common. - 

One ohm 1$ defined as the amount of resistance * nich permits I 
ampere of current to flow when an EMF of I volt Is applied 
across ft. 

Pause for a mon^nt now to review all the alphabetic symbols we 
have so far used: 

j_ stands for current measured in amperes (a). 

T stands for voltage measured In volts 

R stands for resistance measured In ohms (it).* 



Write the following sentences as equations using the 
above abbreviations. 

1. The EMF ts 6o volts. ■ . 

2. Current flow equals 3 m[ I Hair^eres. 

3. The circuit has a resistance of 10 megohms. 



Answer: I. E - 60 v; 2. ( - 3- ma; 3. R • 10 Mfl 



Resistor Marking 

Resistors tike the ones In your power supply are commonly 
marked with bands of color to Indicate their resistance values. 

RAND 




5.' 



Narrative 



Three*! II 



Always start at the end of the resistor which has the least body 
color showing. The color of the first band tells us the first 
number ^n the resistance value and. the second band tells us the 
second cUglt. The thtrd band tndtcates the nuniber of zeros to 
be used behind the second d^glt. , 

The fourth band also has a special significance. It tells you how 
accurately the reststor was manufactured. This band shows the 
reslstcft'^s tolerance as a percentage of the resistance value. 

To surmarlze, the color bands on the reststor Indicate values as 
follows: 

'Irst band - first significant digit 

Second band * second significant digit 

Third band - decimal multiplier (number of zeros to add) 

fourth band - tolerancr 

The Color Code 

Now that you know what the bands mean, study the color code used 
to Indicate resistance values. i'ri« standard color code used for 
these bands Is shown below, along with a nonsense sentence to help 
you remember the values. 



COLOR 
Black 
Rrown 
Red 

Orange 
yellow 
Green 
Blue. 

vroiet 

Gray 
White 



NUHBgR 
0 
I 

2 

3 
k 
5 
6 

7 
8 

9 



semfeNCg 

Bad 

Boys 

Race 

Our 

young 

Girls 

Behind 

Victory 

Garden 

Walls 



Gold 
Silver 
No color 



A.) 

*.01 



TOL£RANC£ 
I 5% 

I to* 

20* 



Get 

Started 
Now 



*When this color Is used as a tnulttpller (third band) 

To help t!e all this together ^-we wilt go through the procedure 
for reading the value of one resistor. Then you can practice 
reading some others. The resistor we are going to use has color 
bands of red, violet, orange, and silver. 

\f>^ y' t^d^ 

VIolM 
'Oratig* 
Sllv«r 




5« 
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The red band says thai the first number of the resistance value 
ts 2. The" second number ts 7* as shpwn by the violet band. We - 
now know that the value of the resistor ts 27 times some power 
of ten. The thtrd (orange) band tells us that the multiplier Is 
10 to the third power or 1000. The value of the resistor Is 
about 27,000 ohms. NOTE: When the color of the thtrd band ts 
gold or silver, the ohmtc value of a reststor should be less than 
10 ohms. 

Jhe silver-band Indicates that this reststor has a tolerance of 
• 10 percent, that Is, the value ts not more than plus 10 percent 
nor less than minus 10 percent of the Indicated number. For this 
' reststor, 10 percent of 27,000 ts 2700, so the value of the resistor 
should not be more than 29,700 (27,000 + 2,700 ^ 29,700) nor less 
than 2^^,300 (27,000 « 2,700 « 24,300). 

^f there is no fourth band on a resistor, it has a tolerance of 
- 20 percent. This ts what Is meant by no color In the ^ptor code 

chart. ^ 

Draw Resistor Practice Board 3*2 from the resource center .and 
fill In the following table for the resistors on the board. 

Resistor # . Value . Tolerance 



Rt 



R2 

R3 
Rl» 
R5 

Answer: TURN RESISTOR PRACTICE 80AR0 CV£^, AND CHECK .YOUR ANSWERS, 

Another popular method of resistor Identification Is the Par t 
Numbering System which uses a series of letters and numbers 
to completely describe a resistor. 



f)RB3lPl02G ) 



R83I 

Style-(wlre wound 
composition, 
variable', tapped 
etc.) 



Characteristics 
(effects of 
temperature) 



102 
Resistance' 
Value 



Tolerance 



The number we are primarily concerned with 1$ that indicating the 
Resistance value. The value of resistance ma^, be Indicated by three. 



60 87 
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four* or five dtgtts. In each case» the last digit dictates the 
nwhber of zeros to lie added to the significant figures represented 
by the first two, three, or four digits. For the example shown, 
the first two nunibers {jo) -represent the significant figures and 
the ^ast digit Indicates the number of zeros to be added, so 
\02 translates to 1000 ohms. 

Indtcgtton of the value of a precUton resistor miy require the use 
of a aectmal. When this occurs, an K is placed In the resistance 
value group such as lg2R6_., This Indicates a resistance pf 132.6 
ohms. 

AT THIS POINT, YOU KftY TAKE THE PROGRESS CHECK. OR YOU KftY STUDY ANY 
or THE OTHER RESOURCES LISTED. IT YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY.. 
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PROGRAMMED INSTRUCTION 
LESSON III 

Resistor Identification 



TEST FRAMES ARE 6, 33, AND 43. AS BEFORE, GO FIRST TO TEST FRAME 6 
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE 
DIRECTIONS GIVEN AFTER EACH TEST FRAME. 



I. You have learned that current Is measured In amperes, voltage 
In volts, and resistance In ohms. 

Which correctly matches the letter abbreviations to their appropriate 
unit of measure? 

a. R • volts , „ ^ * volts 

E •* amps ' I - amps 

^ I - ohtns R - ohms 

b. I - amps 

R volts 
E - ohifiS 



(c) £ ■ volts; t ' ampsj R - ohms 



2. Which correctly matches the unit of measure to Its appropriate 
syinbol? 

a. volts - V c. ohms - a 

amps - a volts 
ohms - amps - v 

b. wolts - 

amps ' a 
ohms ^ V 



ja) volts " V; amps " a; oh ms ■ ^ ^_ 

3* Usliig the proper letter abbreviations and symbols* write the 
follcwtncf sentences as mathemdttcat liquations. 

a. The EMF Isv 60 volts. ^ 

b. Current flow equals 3 ml I Ilamperes. ^ 

c. The ctrcut,t has a*reslstance of 10 megohms . 



ta. E ^ 60 v; b. 1^3 ma; c. R ° 10 Mti) 
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In thts lesson we arc concerned with resistance. 
The unit of measure for resistance is the 



5. An ohm ts the amount of resistance which permits 1 ampere of 
current to flow when an EHF of 1 vott Is applied across It. 
Thts means that If a resistor with a resistance value of 5 ohms 
Is placed In a circuit and an EMF of 1 volt ts applied: 

a. 5 ai^ps of current will flow. 

^ b. 0.5 amps of current will flow. ■ 

c* 1/5 or 0.2 amps of current will flow. 

d. I amp of current will flow 



{c) 1/5 or 0.2 amps of current will flow 



6. Which correctly defines the ohm? 

a. all opposition to current and voltage. 

b. the unit of measure for electron displacement. 

c. the unit of measure for applied force. 

d. the resistance that permits 1 amp to flow !r* 1 volt Is 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
AKSWER GiVEr AT THE TOP OF THE NEXT PAGE,) ^ 



appl led. 
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ANSWERS - TEST FiWME 6 

d. the resistance that permits 1 amp to flow If I volt 
ts applied 



IF YOUR ANSWER IS CORRECT, YOU HAY GO OH TO TEST FRAME 
33. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED 
SEdUENCE BEFORE TAKING TEST FRAME 6 AGAIN. 



7. Resistors possess a measured amount of and are put 

Into a circuit to limit or control current flow. Becau'^e it 
ts not always practical to indicate a carbon resistor's ohmic 
value by using nuinbai^s, colored bands around the resistor are 
used Instead. 



Knowledge of tne resistor color coding system wi U assist you 
In locating and Identifying a resistor in a piece cf 
equipment. 



(resistance) 




This method *wouid 
orobably h9,ve the 
numbers hidden. 



This method woutd 
be costly. 




The cotor '-ode method 
s the most DracticaU 
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8. Each colored band on a r.esistor has a meaning as shown In the 
Mlustration below. 



2nd Significant Figure 
1 St Significant figure 



■Multiplier 
Tolera nee 



nn 



The actual numerical value assigned to the band witi bu 
determined by its color as shown betow. 



Grey (a) 



Silver (^lOV.) 




Ohmic value 
82.000n ■ m 



Red<2) 



orange (lOOO) 



^ jjo ro the next frame) 



9. In determining a resistor's ohmIc v,>Iue, always start from the 
colored band closest to an end of the, re&fstor. 

At what end should you start tn reading the ohmIc value of 
the following resistors? { 



I. 

2. 
3. 



^ilil > 




U. ai 2. b; 3- b; H^aJ 

/ 

/ 
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10. The first band represents the first number (1st stgniftcant 
figure) In the resistance valus. 

tf a resistor's ohmic value was 820 ohms^ which number wou)d 
be represented by the first band? 

, a. 8 

b. 2 

c. 0 



HO 



II* The second band represents the second significant figure in 
the resistance value* 

tf a' resistor's ohmic value was k300 ohms^ whifh number would 
be represented by the second band? - 



13J 



12* Vfhen reading a resIstor^s ohmic value^ one has to start at the: 

a* end of the resistor with the most body color showing. 

b. band closest to the end<,of the res)stor* 

, c. band farthest from the end of the resistor* 



^ {hy band closest to the e^d of the resistor 



13. 




Match the lettered bands In the Illustration to thetr correct 
meanings* 



t* 
2* 



first significant fig»jre* 
second significant figure. 

r 



(I. d; 2. ~cj 
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U. Assume that resistor has an ohmtc value of A5,000 ohins. 

a. What Dumber Is represented by the first band? 

b. What number ts represented by the second band? 

' c. What ts the first significant figure? , 

d. What Is the second significant figure? 



(a. b. 5; c. d. 5) 

15- We said that the actual namericat values assigned to the bands 
on a resistor are determined by their color. The foHowIng 
-table lists the colors used for the bands and their corres- 
ponding values. Refer to this table In answering frames 16 to 22. 



SIGNIFICANT DECIMAL RESISTANCE 
COLOR ' FIGURE MULTIPLIER TOLERANCE 



Black 


0 


I 




Brown 


I 


10 




Red 


2 


100 




Orange 


. 3 


1 ,000 




Yellow 


ti 


10,000 




Green 


5 


loo ,000 




Blue 


6 


i, 000, 000 




Vtolet 


7 


10,000,000 




Gray 


8 


100 ,000 ,000 




White 


9 


) ,000 ,000 ,000 




Gold 




.1 


11% 


Silver 




.01 


I m 


No color 






* 20% 



16. If a resistor's ohmic value Is 4300 ohms, what wElt the colors 
be for the flr^t and second significant figures? 

"a. First significant figure: 

^b. Second significant figure: 



{b\ ^ yellow; b. orange) 
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17. What are the values of the ftrst and second significant figures? 




a. Is^^Ignif leant figure: 

b. stgnlftcant figure: 

'X 



ja^ 2; b.~6r 



18. Tlje third band Is called the decimal multiplier and Indicates 
the number by which the first and second significant figures 
must be multiplied to obtain the ohmic value of the resistor. 
For example* If the first two digits of a resistor are 26» and 
the color of the third b^nd is orange* It must be multiplied 
by I000» giving the resUtor an ohmic value of 26»000 ohms 
0*- 26kn (26 X 1000 = 26,000fi). 

What a'^e the ohmic values of each of the following resistors? 
a. c 



b. 




c. 



d. 



Oroy 
VioUt 

Brown 



=GHII)= 

— ^yT^' stiver 
_/ V— Orange 




Orangt 
GoM 



(a. ^200; b. 56000; c. jLtOOOn; d. 2. id) 
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19* The most convenient way of dealing with the multiplier band 
is not to think of tt tn terms of actual multtpltcation by 
tO» I00» I000» etc*» but merely as an Indication of how rany 
zeros to add 'after the first two digits* For example, it the 
multiplier band is red, it means add two zeros; If it Is white, 
add nine zeros* 

Each of the following represents the first three colored bands 
of a resistor* Using only the color code table on the right, 
determine the ohmic value of each resistor. 



Significant 

Color Figure 

a* Brown-Red^Yellow _^ SI Black 5 

b* Yellow-Orange-Red Q brown I 

c* VIolet-Red'-Orange U Red 2 

d* BIue-8rown*Green Q Orange 3 

Yellow k 

Green 5 

ei'id 6 

Violet 7 

Gray 8 

White 9 

Gold — 
Silver 



No color 



XaT 120,000(3 or l20kQ; bl *t,300S3 or ^*3kO; cl 72,000fl or 
72kfl; d. 6.100,000fl or 6*lHfl) 



20* 




Jiatch the lettered baitds to their meaning* 

I* first significant figure 
2* second significant figure 
3* decifnal multiplier 



U* d; 2* c; 3* bj 



9- 
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2i. The reslstonce value obtained, by reading the first three bdnds 
of a resistor Is seldom exact* For this reason* a fdurth band 
is used to detv^rmtne how accurately the resistor was manufactured. 
This band shows the resistor's tolerance as a percentage' of the 
resistor's value* For example, a lOOft resistor with a-stlver 
band Indicates a 10% tolerance* This means that the ohmic 
value of the resistor wilt vary plus or minus 10 percent of 
lOOQ, that Is, the ohmIc, value will range from SOU to IIOQ* 

What Is the range of possible values? 

(5) — . . — Brown (!) 
Red (2) V \ / > — fiold (±5*) 




a to 



(237. Sti to 262. 5ti) 



22. Hatch: 

^ I. No cotor a. 20% 

2. Gold b. 5* 

3. Si Iver c. 10% 



(I. No color ~ tO%l 2. Gold - S%; 3. Silver - 



23, Match each resistor to Its correct ohmIc value. 



1 . 230-5* 

2. 320 - 10* 



Red (3) 
Orong* (3> 




Gold (±5«) 
Brown (') 



Brown (1) 



Orang* (3) 
lt«d (3) 



J!, a; i, n 
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2k. The color code has been broken down into a sentence to atd In 
remend^ertng It* The first letter tn each word will represent 
the flfst letter* tn a color* The sentence is* Bad Boys Race Our 
Young G^Irls Behind Victory Garden Walls* Get 'started Now* 

Put the booklet aside and repeat the words to yourself several 
times; then proceed to the next frame* 



(Go to next frame*) 



25* Now let's assign colors and numbers to each of the wo^ds* 

t 

Bad Bl^^)^ 0 

Boys B.rown I 

Race Red 2 

Fur grange 3 

G^lrls G^reen , 5 

Behind £lue 6 ^ 

Victory Violet 7 

Garden iGray 6 

Walls White 9 

Get Gold *l 

Started S_Ilver *0I 

Mow No Color — 

There Is no significant figure for gold» silver, or no color; 
however, gold and silver represent the decimal multipliers *l 
and '01 respectively* 

Study frames 2k and 25 until you have the sequence of colors and 
numbers memorized* Then write the sentence, colors, and nun4b«rs 
on a separate sheet of paper before continuing* 



(Go to next frame)" 
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26. ^)etermlne the ohmtc velues of the following resistors: 




Block 




Violet 



lt«d 



Red 



a. 
b. 



c, 
d. 



ft 



Jal 3,600ii or 3.6kfi; b. 5l0,000,000fi or 5!0Mfi; 
c. 8Sfi: d. k.lOOii or k.'kkti) 



'27. Place the significant figure (0-9) next .to the appropriate 
color. 

a. gray 

b . wh t te 

c. black 

d. red 

e. green 

f. yd low 

g. blue 

h. orange 

J. hrcMfy 

j. violet 





. U. 8; b. ! 
J. 7) 


J; c. 0; d. 2; e. 5; f. J 




iTh. 3; i. t; 



28* As was mentioned ear)ter» the easiest way of dealing with the 
decimal multtptier ts to determine what figure that 
color represents^ then add that number of zeros to the first 
two digits. If tne ^hlrd band were yellow you would add 
zeros; this wojid be the same as ;nuittplylng by 



{k; 10,000 or 10 ) 



" 7.9 
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29. Hatph the declmel multtptter to the appropriate color. 



1 


U 1 W 1 1 


a 4 


^ • 




h 




black 






gray 


y • 


5. 


brown 


e. 


6. 


vtolet 


f. 


7. 


stiver 




8. 


blue 


;! 


9. 


gold 




10. 


Yellow 


J. 


II.' 


Orange 


k. 


12. 


white 


1. 



t,000 

1,000,000,000 

.01 

10 

100,000, 
100 ,000 ,000 
IC,000 

.1 

1,000,000 

10,000,000 

100 

I 



(I. e; 2. k; 3: I; ^t. f; 5- d; 6. J; 7. c; 8. I; 9. h; 10. g; 
II. a; 12. b) 



30. The fourth band Is used to Indicate the tolerance. The 

colors that will be used for the fourth band are: 

Get Gold S% 

S,tarted S_IIver \0% 

Now No Color 20? 

In the case of no color, -there will singly be no fourth band 
and you will assume 20% tolerance. 



Determine the ohmtc value and tolerance for each resistor. 




a. SI c. SI 



h. SI fS. St 



(a. 29»00Qa - m or 29kfi - 10*; b. 570,0000 - 20* or 570kn - 20*; 
c. 860n - 5*; d. 6,200.000r - 10* or 6.2Mn - 10*) 



7» 80 
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31. Write the correct tolerance values for each of the following 
colors. 

a. no color 

b. gold 

c. silver 



la. 20^; b. 5^; c. lO^J 



32^. Determine the value and tolerance for each resistor in your 
power supply. 

a. Tt - T2 U I % 

b. T3 - T4 p ; % 

c. * T5 p I Z J 

d. T5 - T6 U - % 



(a. k.7U - I05E; b. k.JU - 10*; c. Ikfi - 10*; d. 'ikfi - 10*) 



33. Get Resistor Practice Board 3"2 from the resources center and 
fill In the following table for the resistors on the board. 

Resistor 0 ^ Value Tolerance 

."^) - 

R3 



(this is a test frame, compare your answers with the Cor.ttECT 

ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.) 



SI 
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ANSWERS - TEST FRAME 33 

TURN RESJSTOR PRACTICE BOARD 3-2 OVER AND CHECK YOUR 
ANSWERS WITH THOSE ON THE BACK OF THE BOARD, 



IF YOUR ANSWERS ARE CORRECT, YOU HAY GO ON TO TEST FRAME 
utH5RWISE» GO BACK T0 FRAME 7 AND TAKE THE PROGRAHMHED SEQUENCE 
BEFORE TAKING T5EST FRAME 33 AGAIN. 

: ' — : — 7^. 

3^- In addftfon to the Color Coded method^ resistors are tdentified 
tn the following form in accor<|ance with established military 
, specifications for electronic and communtcdtion type equipments: 



RD 31 



Style 



lORO 



Resistance 



Characteristic 



Res 



stance 



Tolerance 

The above resistor part^numberifig systeir is established by 



tmilitary specif tcattonsJ 



ERIC 
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35. The following explains the- mcanlng^of the letters and numbers In 
the coded, group: R03IPI0R0G. 



R03I (Style): 



P {Characteristic) 



10R0 (Resistance Value) 



G (Resistance tolerance) : 



The first two digits represent the type 
of resistor such as Fixed Wlre-wound, 
Variable Wire-^wound« Fixed Composition; 
etc. The next two digits represent 
size, power rating, configuration, et*:. , 
dependent upoj tne type of resistor. 

A letter that Indicates temperature 
characteristics of the resistor. 

'>ls Is the most important part of the 
coded group. It may have as many as 
five digits or as few as 3 to Indicate the 
ohmlc value of a resistor. (More about 
this later.) 

A letter that Indicates the limits of the 
resistance value. 



In the example of military specifications resistor part-numbering 
below, indicate the meaning of each section. 



R809 



12501 



tRB09-StyIe; A-Characterlstlcj 12501-Ohmlc Value; T^ToleranceJ 
(NOTE: Due t# the large numbers of possIbUities existing for 
Style , Charscterlsttc and tolerance , these values will not be 
covered In any greater detal I v TTfurther Inforrrjatlon Is de* 
sired, consult Electronics Installation and Maintenance Book, 
pages ^^^ikk through 3-256.) 



36. Now, let's take a closer lool^ at Resistance Magnitude. 

Starting with a three digit-number: 103 

1. The first two digits are slgnlTTcant figures: 

2. The third digit Indicates the/nutntfer of zeros to be 
added to th^ significant figi/res: 10,000 

TKus we have 10,000 ohms or 10 ktlohr/ts. 

Whot Is the resistance of the resistor below? 

Qr032P]S4G 




U50|000fl) 



7« 



■S3 
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37. In Jiddltlon to the three numerical digits>^you may see one with 
an trv it I tke so: 

5R0 

The represents a decimal pclnt and ts used^whon indicating 
values of , resistance less than 10 ohms and/or fractions of an 
ohm. The example* then» represents 5 ohms or more specifically 
5.0 ohms.. 

What Is the resistance of the below resistor? " 
HRR09$4R0G 



38. Now, on to the four-digit Indicator; IOO3 

1. The first three digits represent significant figures: 
100 

2. The fourth digit represents the number of zeros to 
be added: 100,000 

Oetermlne the reslstan'^ of the below resistor. 



— QhN60B3402F j — 



(3^>ooon) 



39. Here, too, an R may be used to represent a decimal point and will 
be used to IndTcat<^ ohrlc values of less th^n 100 ohms and of 
fractions of ohms. ^ 



What resistance value Is repres ented byj 

— £ J22lD — 



uo.i*n} 



84 
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The ftva-dlgit representation Is similar to the three- and four- 
X digit. The first four digtts represent significant figures while 
the last digit Indicates the number of zeros to be added. For 
values of less than tOOO and for fractional parts of an ohm the * 
Is used to designate a decimal point. 

What Is the resistance val'je of a resistor marked? 

ffic9Al2501F y 



^I. Let's run over all three again./' 

1. The three-digit has significant figures and 

the last digit indicates to be added. 

2. The four-digit has ^_ significant figures and 

the Indicates the number of zeros to be added. 

3. The flve^diglt has significant figures and 

the digit indicates the nuinber of zeros to be 

added. 

^. Last but not least ^ each system may have arj which 
represents a/an [ . ^ 



rn two, number of zeroes; 2. three, last dtgtt; 3^ Four, 
last; k. decimal point) 

42. Indicate the fl>eaning of each section of the Military Specifications 
resistor part number below: 

R809 A 105 G 



(style " characteristic ^ value ^ toleranceT 



S3 
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hi. Determine the value-of resistance for each of the below resistors. 



1. — BRA3aA103A > ^ 



2. ^_RB]0A3S002fJ 



3. — (jpNOSBSBRZc") 



4. fj RA31GSR0F ) 



(THIS IS A TEST FRAME. COHFARC YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN ON THE TOP OF THE NEXT fAGE.) 
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ANSWERS - TEST FRAME ^3 

1. 10 kn 

2. 350 kn 

3. 55. 2n 
k. S.ou 



IF ANY OF YOUR ANSWERS IS INCORRECT , GO BACK TO FRAME 3^ AHD TAKE THE 
PROGRAMMED SEQUENCE'. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU 
MAY STUDY ANY CF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK ANO ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. 
IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTiL YOU CAN ANSWER 
PLL THE QUESTIONS CORRECTLY. 



C 



S7 

60 



Summary 



Three-til 



S'IMMARy 
LESSON III 

Resistor Identtf teat Ion . 

The unit of measure of resistance ts the ohm, represented by the 
Greek tetter omega (fl). Metric prefixes commonly used with ohm are 
kHo" and mega^^ One ohm fs defined as the amount of resistance which 
permits I ampere of current flow when i vo!t is applied across it. 

The value of a carbon resistor is usually Indicated by bands of color 
patnted on the resistor like thts: 




The first band of a>Ior Indicates the ftrst significant number of 
the resistance value, the second band tells the second dfgft, and 
the thirc^ band Indicates the multtpPer (pcA/er of ten) to be used. 
The fourth band Indicates the tolerance of the resistor's value. 

1>ie color used In marking resistors and the numbers they stand for 
are shown fn the table below: 

Significant Decimal Res i stance 

Color Figure ^ Hul t tpl ter Tolerance 

Percent + 



Black 


0 


\ 




Brown 


] 


10 




Red 


2 


100 ^ 




Orange 


3 


1000 




YeHow 


it 


lOtOCO 




Green 


(, 


100 iOOO 




Blue 




UOOO ,000 




Vtolet 


7 


10,000,000 




^ray 


8 


100,000 ,000 




Wnite 


5 


t ,000,000,000 




Gold 




.1 


5 


silver 




.01 


10 


No color 






20 



81 

S8 



5 
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A reststor marked orange,^whi te, green, and gold would have 39 x 10 
ohms with a tolerance of - fj^. The no color 1 Isting in the table 
meajjjs that if the resistor has no fourth "color band* its tolerance 
Is " 70%. INOTE: When the third band \decinial multiplier) is gold 
or silver* the ohm'b&sj/^ue of a resistor should be less than 10 ofims.) 

In addition to the color code, resistors are sometimes identified . 
by a Part Numbering System. 



~a 




^ RB09P322F 

RS09 

; S^yle Characteristic Resistance Value Tolerance 

The number we are primarily Interested in is the ore indicating the 
resistance value. The value of resistance may be indicated by three* 
four, or five digits. 

in each case, the la^t digit dictates the nuniber of zeros to be added 
to the significant figure represented by the first two, three, or four 
digits. For the example shown, 32 represents the first two significant 
figures, white the third number 12) tells how many zeros to add. So 
322 indicates 3200 ohms, if a decimal point Is required to specify 
the value of .a precision resistor, an Is used to represent the 
decimal point. As an example: 472.5 ^ would be Indicated as 472 RS * 

The amount power a carbon resistor can dissipate is usually 
dependent on Its physical size. The larger resistors have. more 
surface area and can transfer heat to the air around them, more 
quickly than smaller resistors. 

if you wish to learn more about resistors, continue with another part 
of Lesson iii. If not, get neslstor Display Board 2 ond f\]\ in the 
table in the Narrative for Lesson iil. 



AT THiS POiNT, YOU HAY TAKE THE LESSON PROGRESS CHECK, OR VOU HAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 

IF YOU ;ake the progress check andj^nswer all of the questions cor- 
rectly, GO TO THE NEXT LESSON. IF NOT, STUDY AHOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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The Ohiwneter 



Study Booklet 
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* ;^QV£RVI£W 
LESSON IV 

The Ohirmeter 

in this te$$on» yc^ wit) study and learn about the following: 

-description a£..a>.a^ timeter 
-the me^er face 
* -rules for use 
-reading resistance 
-practical ohmmeteV use 
-ohrtimeter uses 

Each of the above topics will be discussed tn the order Hsted. 
As you proceed through this lesson, observe and '^ollow directions 
carefully. 



BEFORE YOU START THIS LESSON » PREVIEW THE LIST OF STUDY RESOURCES 
0^? THE NEXT PAGE. 



4 
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LIST OF STUDY RESOURCES 
LESSON IV 
The Ohmmeter 

To team the matertdt In thts lesson, you have the option of choosing 
according to your experience and preferences, any or all of the 
following: 

STUDY BOOKLET: « ' 1 
Lesson Narrative 
-Programmed Instruction 
Lesson Summary — " *■ 

ENRICHMENT MATERIAL: ' 

NAVPCRS 93^00A-ta **BasIc,Electrtctty, Direct Current.'* 

Fundamentals of EUctronUg. Bureau of Naval Personnel. 
Washington, t>.C.:' U.S. Government Printing Off Ue, 1965^ 

AUDIO-VISUAL: 

Sound/SHde Presentation -''"Measurement of ResIstance-*The ^ 

Ohmmeter.'' ^ 

You may study vfhatevcr learning materials you feet are necessary 
to answer the questions tn the Lesson Progress Check. All your 
answers must be correct before you can go on. Remember, your 
Instructor ts ava! table at att times for any assistance you inay need. 

YOU MAY NOW STUDY mNY OR ALL OF THE RESOURCES LISTED ABOVE. "VOU 
..MAY TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON IV, 

The OhmmetQr 

Descriptio n 

The device which U used to measure resistance Is called an 
ohmneter * The schematic syn^ot we will use for this meter Is 
a ctrclfs around the Greek letter omega ( (s) . )• ^^^^ 
course* we wMI not use a simple ohmmeter but a multimeter. A. 
tnultfmeter fs just what Its name }mp]tes; tt Is a meter which 
can be used for more than one purpose. The ^nultlmeter used 
here fs the Simpson model 260-5P meter which can measure a 




There are three resistance ranges on the Simpson model 260-5P 
multimeter* rR x I , R x 100, and R x 10»000. Al I the R^ ranges 
use the top ^natRtngs on the meter. Wtth^the R x I range selected 
the resistance values are read directly from this scale. (Note 
that these nu!rd)ers read from right to left, not'Ieft to right.) 

When the switch Is turned to R x 100. all the values read from 
the scale must be multiplied by 100 (add two zeros); for the 
R X 10,000 range, four zeros must be added to each number. The 
three meter ranges are Included to allow you to read over a 
greater range of resistance values. Generally, It Is best to 
use ^a meter range whfch causes the pointer to rest pver the 
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center two-thirds of the scale» for the values can be more 
easily and accurately read. In this area* The R x I range can 
be used accurately from 0 to about 200 ohms, the R x 100 range 
from roughly 200 to 20^000 ohms, and the R'x 10,000 ran^e Is 
useful irom 20,0'))0 to 2,000,300 ohms* 



Rules for Use 

Whenever you take a reaotng from a meter, te sure you are dl recti 
tn^frorlt of 'the meter face* tf you read the meter at an angle, 
you v'ttt read an Incorrect value, for the pointer wtll seem 
either higher or*-1ower than It actually Is* This rule applies to 
any kind of meter reading you may make* 

An bhmmeter, like any other meter^ can be damaged by too much 
current flow* The ohmmeter requires even more care than an am- 
m(^ter or voltmeter, however, for It has a voltage source Inside 
It an^ can be more easlT^y overloaded^* For this reason, never 
connect an ohmmeter Into an energized xircutt * Always make cer- 
tain that whatever you .are measurlngr has no electricity applied 
to It* 

' J. 
'* . , 5 ^ 'J 

The ohmmeter mi^st be "zeroed" each time the range Is changed* 
This must be done to compensate for differences In the character- 
istics of the battery and test leads used In the meter* Not only 
ts'each battery slightly different, but batterlds also change as 
* they age* 

To ensupH^ accurate readings, you must perform these steps when 
you flri^t use an o!immeter and each time you change the range* 

K Con*iect a red test lead to the 'V jack and a black test 

lead to the commpn (*) connector* 
2. Set the^nctlon switch (left-hand knob) to "+DC*"* 
'3* Turn the range selector (middle knob) to the desired setting* 
^ Hold the probes so ths^ the metal tips make good contact with 

each other* 

5* Turn the "Zero Ohm^" control (right-hand knob) to get a zero 
reading on the meter* Remember to look at* the meter from a 
position straight In front of It* (f your meter will not 
"zero" take It to your Instructor* 

6* The ohmmeter Is now zeroed; separate the leads so you w1 1'l 
not waste the battery's energy* 



^Tt 
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Ru adtng Resistance ^ 
Resistance readings are made as follows: 

K ^Connect the test probes to the meter; (red to and black 
to coirmon 

2* Ztto the meter (seejast page tf your memory nea<Js a push)* 
• , If you don't Tcnow what reading to expect, start on the R x 1 
• ' ,,scale'and change scales later tf necessary. 

3* Make certain there Is no voltage present at the joints you 

are going to measijre*J 
4* Place the test probes on the points between which you wish 

to measure (ends of resistor, etc.). 
5* Read the resistance'on the top meter\scale. If the pointer 

ts too far to the left, change to a higher resistance scale; 
oZero the meter again. Then repeat steps k and 5* 
6. Multiply this reading by the value Indicated on the range 

switch. 

7* Turn the range switch tp the. t,000-volt scale. ThU prevents 
discharge of the battery ^en the ohmmeter is not' In use 
and also protects the meter from 'amage If someone care* 
tessly uses It without first checking the switch positions. 

Ohmmeter Experiment - f 



* " Practice using the ohmmeter by measuring the values of the 
resistors on Practice Board 3'-2. *Com^are your readJr\gs to 
the values Indicated by the color cod^ on the resistors. 



Resistor # 



Value 



Tolerance 
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TURN BDARD OVER AND CHECK YOUR ANSWERS. 
V- 



Ohmmeter Uses 

Anvohmneter can do inuch more fo^^you than just check whether a 
resistor has gone bad« it can check circuit conttnutty* locate 
defective components^ and help determine which section of a 
complex circuit Is ?:dustng trouble. 

Iflrthe lamp In your power supply fails to 1 Isi^'t wi,th the 
power supply plugged tn and the ^itch closed* we would check 
continuity of the clrcultf to locate the cause of the problem. ^ 

The most probable cause of trouble Is an open circuit. An open 
circuit Is like an open switch^ that ts» tnere Is no path for 
current flow. Before using the ohmmeter/ unplug the power supply 
so ther^a will be no voltage Iff the circuit* Refer to diagram on 
next page. 



M .9$ 
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To find the tocatton of the open, first Isolate the tamp cIrcuEt 
' by disconnecting the lamp at T6* Set your meter to the R x I 
scale and zero the meter* Check again to be very certain the 
power cable for the power supply Is not plugged In. Open the 
switch to simulate an open circuit* ^pTace one meter lead at T4 
and the other on the end of the wire you removed from T6^. The 
ohmmeter will read Infinity , indicating that no current 
can flew In the circuit* It was necessary to disconnect the wire 
f rom T6 so that the resistors between Jrt and T6 would not affect 
your reading. This confirms that there Is an open circuit. 

Now close the switch. The meter should deflect toward I ohm, 
Indicating there Is now a path for current flow. 

Next, loosen the lamp; this will produce the same results as 
would a burned*out lamp. Once again, read the resistance 
from to the end of the wire you removed from T6. You should 
read Infinity; If not, unscr^ the light bulb until you do read 
Infinity. This time, check point by point to find the open portion 
of the circuit. You can start with any part of the circuit to make 
continuity checks, but It will usually be faster to divide It In 
half and work from there. Measure between point of the switch 
and T4. The meter deflection shows that there Is'a continuous 
path for current between these points, so the trouble must be 
somewhere between T6 and point of the switch. Now measure 
between T6 and tenTnTnat A of the" lamp. The meter pointer does 
not move, so the open tnurt be between these points. Measuring 
the resistance of the wire from Jl to of the lamp Indicates 
continuity, and the lamp and tamp socket^are all that Is left. A 
check of the resistance from A to of the lamp socket will 
verify that the open has been located. 

You can locate any open In a circuit with an ohmmeter and a 
procedure like this one. 



AT THIS POINT YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAr STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL 
AND ARE READY TO TAKE tHE MODULE TEST. SEE YOUR INSTRUCTOft; 

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR If? 
YOU MISSED ONE OR MORE aUESTIONS, STUDY ANY METHOD OF tNSTRUCTiON 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
^O^^RECTLY. THEN SEE YOUR INSTRUCTOR m ASK TO TAKE THE MODULE TEST.. 
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PROGRAMMED INSTRUCTION 
LESSON IV 

The Ohmmeter 

TEST FRAMES ARE 16, 23, AND 43. AS SEFORE, GO FIRST TO TEST FRAME 
16 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE 
DIRECTIONS GIVEN AFTER THE TEST FRAME. 



I. Using the Ulustration below, locate on your muUtmeter 

the stx basic components and controls of the "fmpson 260-5P. 



r \ 




(Go on to frame 2) 



2. List the ffve different scales found on the meter face. 

a. 

b. 

c. 

d. 

e. 



Xiu ohm's scale; b. DC scale; c^^ AC scale; dL AC 2.$v scale; 
e. output scale^ D8) 
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3* The scale used for resistance measurements is the ohm's scale 
located at tht top of meter face* 

Whtch arrow points to the resistance scale? 




^* To factlttate the use of the multiscaled meter, the Stmpsun 

260*-5'' 1^ equipped with two inajor control s; . these are the meter 
function^ switch and range switch* Using the tljustratton below, 
locate on the meter provided, the function switch and range 
Switch. 




RANGE SWITCH , 



\ 

\ 

(So on~to next frame) 

loo 
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5- The function switch determines how the meter is to be used. .For 
example* to measure AC voltage* the switch would be in the AC 
position. To measure DC current* DC voltage* or resistance the 
switch would be In either of the DC positions. 

Which settlng(s) coula be used when measuring resistance? 




(a and * _ ~ 

■ / 

6. To measure direct current* resistance, or DC voltages* the function 
switch must be In the or the positions. 



-DC) " 
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7. The range switch also deternines whether the mater will be used 
as a voltmeter, ammeter, or ohmmeter. Whe* range settings would 
be used when irwklng a resistance measurement? 




1 



3il 



How many ranges are there for measuring resistance? 



/ 



lERlC 
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9* When measuring resistance* the range switch will determine the 
multiplier* For example, if the switch is in the R x 10,000 
position and the pointer indicates JS, on the meter face, the 
readinc) would be l50,000a (iSOK^i). 

, What would the reading be for the illustration? 




V. RxlOOOO 



(^OOq or O.^KQ) 



10. The third control, which is labeled 0 ohms, is used to ensure 
" ihe meter's accuracy by compensating for aging of the meter^s 
internal batteries, which are used during resistance rdeasure- 
ments. 

Locate the 0 ohms control on your meter. I 



(So to next framej 
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% 11. Identify the zero ohms control. 



-a. 









) o 







b. 



12. There are etght test )ead jacks on the Stmpson 260-5P- Using 
the ntustratton^ locate the etght jacks on your meter. 



Jacks 




Jacks 



These test jacks wtll be used In conjunction with the red and 
black test !eads provided. 



(Go to next frame) 
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13. The jacks used for resistance measurements are marked common 
(-) and posi tlve (+) a^^d are located In the lower lefr-hand 
corner of the meter. 

Which arrow points to the jacks used when measuring resistance? 




Hatch the letters to the multimeter components. 



1 . range switch 

2. negative jack 

3* zero ohms control 

positive jack 
5- function switch 




U. b; 2. c; 3* e; d; aj 
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15- Hatch the letters to the functions. ' 



Three- IV 




determine? multiplier 

2. nnist be adjusted before taking resistance measurements. 

3. scale used for resistance measurements 

't. determines how meter will be used ^ 



(I. 2/'c;_ 3' dj a*and b) 
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16. The Illustration below shows the components and controls 
associated with j:he ohmmeter vunction of the Sln.pson 260-5P 
muHlmeter.' 

Study the Illustration and theater provided^ then list the 
components and controls used wheii^ls multimeter Is functioning 
1 as an QHMM£TER. 




2. 
3. 



X 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ArjSWERS GIVEN AT THE TOP OF THE 'NEXT PAGE.) 
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ANSWERS - TEST FRAME 16 
t. function switch 
2. range switch 
3* * zero ohms adjus*^ 
4* ohm's scale (resistance scale) 

negative jack 

posttr/e Jack 
7. test probes (leads) 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY GO ON TO 
TEST FRAHE 23. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PRO- ^ 
GRAHHED SEQUENCE BEFORE TAKING TEST FRAHE 16 AGAIN, 



17. The Stmpson 260-5P uttttzes the btack scale at the top of the 
.meter face when functioning as an ohintneter. 




SIMPSON ' 0 

260 
SERIES 5 
VOLT-OHM MILLIAMETER 



Note that tn relation to the other scales there are two out' 
standing differences. First the scale Is f^eversed, that Is, 
It reads from right to left* 

If the pointer deflected alt the way to the right, this vrt)uld 
Indicate resistance. 



10 or.small) 
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18* Another difference between the ohm's scale and the other scales 
Is that the Increments (subdivisions) between the major «cale 
divisions on the ohm scale are not equal across the entire scale* 
The scale Is non^'tlnear. The non-linearity beci^s apparent when 
the values between the major divisions are compared. 




For exan^le» between 0 and 5 the Increment values are equal to 

^ l.^t 1.2 1 .8 ,6 .if .1 0 

*2, that Is, the scale reads ETC I . | | | { 1 | } 
Between 5 and 10» however^ the values are equal to *5 

7-5 7 6,5 6 5.5 5 ' ' 

ST^C_J I I I I L 

What are the Increment values between the major scale divisions 
listed below? \ " 

a. 10 to 20 

b . 20 to 30 

c. 30 to 100 . 

d. 100 to 150 

e. 150 to 200 ' . 

f. 200 to 500 , 

g. 500 to I K 

Ji. I K to 2 K 



(a. I; b. 2; c. 5; d. 10; e. 50; f. 100; g. 500; h: J^OO) 



19* If the pointer does not deflect froifi the left-hand side, this 
Indicates either an 'extremely large or Infinite resistance, 
as would be the case In an open circuit, or thet the value of 
resistance In question Is above the capabilities of the range 
setting* For example, In try^Ing to rrteasure a 2K ofji^* resistor 
on the R x I scale, the pointer would not deflect. In this case, 
you would move th^ range switch to the R x 100 position* 
» ^ * 

• - 1f no lAfter deflection is 'noted on the R x 100 position, you 
' Wculd ' • , 



^ : . 

(change to the R x 10,000* If no deflection occurs, you would 
assume, the' circuit to be open*) 
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20. Stnce iSlccurate meter Interpretations at the high end of the 
ohmlc^scale are Impossible, the Simpson 260-5P mi^ttlmeter is 
provided wfth three resistance ranges. The purpose of the three 
resistance ranges ts to 4*educe the meter indication to an area 
yon the R>eter'sca1e v;here a more accurate reading can be taken. 

y Each resistance position of the range switch Is designed^ to 
be used with different resistance range ^asurements . 

The R X !t range Is used In measurements of 0 to 200 ohms. 

• The R X 100 range Is used In the measurements of 200 to 
'20 ktlohms. 

> The R X 10,000 Tange Is used in the measurements of 20 
kllohms and above. 

What resistance ranges should be used with each of the resistance 
values listed be^ow? 



a. 
b. 
c. 
d. 



1600 ohms; 
22, kl lohms; 
12 ohms; 
I megohm;. 



R X 

R X 
R X 
R X 



ta. 100; b. 10,000; c. I; d. 10^000) 



21. Select by letter the setting Aiidt best covers each range shown. 





1 . 0 to 200 ohms 

2. 20 kllbhms to 2 megohms 
3* 200 ohms to 20 kllohms 



U. A; 2. C; 3> BJ 
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22. To interpret the ctrcutt or component resistance from the 
meter tndlcatton, you stmply multiply the meter indjcatfon by 
the value of the selected range switch posttton. 

For example, the meter indicates K6 and the range switch is in 
the R X 100 position. 

R X 100^ or 1.6 X 100 » 160 ohms 

" What ts the value of the measured resistance of the foUowtng 
me^er tndicattons and range switch settings? 

METER INDiCATlON ^ RANGE SWITCH SETTING RESISTANCE VALUE 

a. 1.7 X 10,000 

b. 30 R X 100 

c. 5-5 R X 1 

d. .25 ^ R X iO,000 



ta^ 17 Icilohms; b. ^ Ictlohms; c. 5*5 ohms; d. 2.5 Ictlohms) 

23* Complete the chart below with either the resistance value, the 
meter indication, or the range switch setting. 

I€TER LNDICATION RANGE SWITCH SETTING RESISTANCE VALUE 

**-a. R X 100 ' 6 Ki'lohms 

b. 55 . 550 Kilohms 

c. 7.5 ^ R X 10,000 



(THIS fS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN At THE TOP OF THE NEXT PAGE.) 

\ ■ ■ 
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ANSWERS- TEST FRAME 23 

a. . 

b. R X tO,000 

c. 75 Kohms 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME hi. OTHERWISE, GO BACK TO- FRAME 17 AND TAKE THE PRO- 
G^SMMEQ SEQUENCE BEFORE TAKING TEST FRAME 23 AGAIN. 



2^. The schematic symbol we wtll use to represent an ohnneter ts a circle 
with the Greek letter omega In the center. 

Which of the foMcwtng represents an ohmneter? 

_c.-{y)- 
d- ~@- 



25. To measure resistance, the ohmmeter Is <fonn?c^ted in parallel or 
across the device to be measured. 

Vftitch Is correct? 
2- -AAA* (g)- 
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26. The pulttmeter, when used as an ohmmeter, uses {ts own Internal 
power supply; consequently* an ohmmeter niu$t never be connected 
Into an energized cfrcutt. Thfs would result tn extensive damage 
to the meter. 



Which Is correct for measuring resistance? 

if 




b. 




d. 




27- Before making a resistance measurement* the circuit must always 
be 



(de^energlzed) 
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28. Because the multimeter, when used as an ohmmeter, utilizes Its 
Gwn power supply, there is no need to observe pojarity when 
measuring resistance. Which ts correct for measuring resistance? 



a. 



b. 



c. 
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29. Whljch illustration shows the correct method to measure ^7 

a. b. c. 

• M ^ 




30. Recall that the multimeter uses an Internal power supply (batteries) 
when utilized as an ohmmeter. To compensate for variations in 
these batteries due to aging, the meter Is equipped with a^varlable 
resistor, designated the Zero Ohms Control . 

Listed below are the proper steps of procedure for checking the 
zero reference of the Simpson mulftmeter. 

K Set *the range switch at one of the resistance positions and 

tht function- switch at either of the DC positions. 
2. Connect the black test lead In tK^ common (') Jack and the 

red test lead In the (+) Jack. 
3/ Clip the contact end of the test !^ads together to short out 

the resistance circuit. 
k. Observe the meter Indication. It should read 0 on the 

right end of the ohms arc. 

5. Jf the pointer dDes not read 0, rotate the zero ohms control 
knob until it does. (If the meter will not zero, take It 

to your instructor.) 

6. Uncllp the shorted test leads. The ohmmeter Is now ready to 
use. 

To ensure an. accurate reading, this procedure must be followed 
each time the 'range setting ts changed. Utilizing these steps, 
check ^.ach of the resistance ranges on your meter. 



Tcd-to next fraiJv^T 
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31. To make a resistance measurement: 

t. set the function switch to either DC position. 

2. set the range switch to any [ range. 

3* connect the Jeads to the meter, black to the common (-) 

jack, red to the (+) j&ck. 

**Zero'* the ineter. 

ALWAYS^ ENSURE THAT THE CIRCUIT IS DE-ENERGIZED . 

5* connect the leads across the devtce to be measured. 

6. If the ft X ^0,DDD range-ts foo HIGH, the irreter will read 
near zero; {f this happens rotate th^ range selector switch 
to the next lower range and re-zero the meter. 



Ires I stance! 



32. Using the multimeter and a 27K-ohm resistor, nreasure Its ohmic 
value and determine if It Is within the allowabje tolerance. ^ 

a- within tolerance 

b. not within tolerance 



(Go to neKt f ramej 



33. Draw Practice Board 3*2 from the resource center'; nreaslire and 
record the resistors* ohmIc values.^ Compare your irreasurements 
with the values Indicated by the color codes. 



a. Rl ohms 

b. R2 ohms > 

c. R3 ohms 

d. R^ ohms 

e. R5 ohms 



(a. Rl,, 2Afi'- 5^; b. R2» IDD KH - 1D%; c. R3, m - 5^; 
dJ RA, 2D0« - ID^; e. R5, 27Dn - ID^) 

3^* An ohmmeter can do more than just nreasure the value of a resistor. 
Dne of the most common and Important functions of the ohmmeter Is 
to check circuit continuity. A continuity check can be made to 
determine If the circuit is properly connected and devices within 
the circuit have the correct resistance. 



(Go to next frame) 
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35. A continuity check wfll indicate whether a circuit Is: open» 
which means the conducting path ray be broken, poorly soldered, 
or , connected to the wrong terminal. For example, a burned-out 

light bulb or resistor, or a switch which doesn't make contact, 
would cause open circuits. In these cases, tlie meter would 

Indicate infinity 'H.. ' ^ 



What wouM tl^e meter read? 




. r 



10 



10 a 



10 u 



a. Ho ohms) j b; or IrTflnUv) 



36. To make a continuity ctteck, set the meter ^s previously explained, 
then connect the meter In parallel with the circuit or device In 
question. Often will be necessary to move the meter leads 
several times In-order to successfully isolate the open or short. 

What would the meter Indicate if the leads were placed at points: 

— 



a. A and 
0. C and D 
c. D and'B 



'2 202 



\ ■ 



(a. b. lOfl; c. 



no lly 
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37. Ustng Practice Board 0-iApd ^he ctrcutt you connected tn Lesson 
M of this nodule, draw V. schematic diagram of the circu!t. 

\ 



J 



(3 
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38. Again, using Practice Board 0*) and the circuit you connected 
[n Lesson 11, unscrew the lamp to present an open circuit at 
th^t point. Since you are going to use an olimmeter to make 
continuity checks, what is your next step in readying the cir* 
cuft? 



IDe^energize the circuit. Do. so by disconnecting the battery, 
or dry ,ellt from the circuit entirely,) 



39. Hake sure your switch is closed. Let's take a look at a schematic 
of the circuit as it looks^now: 




UNSCRlWfD 



If yotjr*s looks like this, we are ready to proceed. If not, 
make the necessary corrftctions now. 

jGo to next frame) 



40. Set up your multimeter to read resistance and measure the resis** 
tance between terminals TJ^ and T8^* 

What was your reajing? 

^ What does this indicate? 



The circuit has an open - there is not a^ complete path 
for current flow, ) 
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k}. So now we know that we have^an open tn the circuit but how 
to find It? About the best method is to divide the circMft into 



You may dtvtc(e the circuit tn any way you wtsh. We wtll take 
the. half f rom TJ^ to T6 and f rom T6^ to T8^. Measure the resistance 
from T6 to T8 . 

What was your reading? 

What does thts Indicate? 



(between 0 - I0» depending on setting of rheostat; there Is 



^^2. This half of the circuit Is eliminated, so you know that the 
open Is sonx£where between T) and T6. 



halves. 




no open here.) 



Measure betv:een Tl and T2. 
Measure between TT and T?. 



reading, 
reading. 



Where Is your open according to the Indicated readings? 



Uhe lamp! 
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43. Now that you have 'earned the method for finding .an open ; 
tn a ctrcutt, let's try the'satne t:ircutt.a^atn«- Thts tfme, 
screw the lamp back tn and open the switch.' ^Using your 
ohrnmeter and' a, logt-cal procedure, locate the open tn the cjr- 
cutt. Mst the. steps you take to find the open, tKe readings 
you obtain, and the conclusions that can'be drdwTf'.from those 
readings. - , - . 



STEPS 



(HEADINGS 



CONCLUSIONS 



(this is a test frame, compare your answers With the correct 
, answers given at the top of the next page.) 
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ANSWERS - TEST FRAME ... 

{There are two possible approaches. If yours Is different, 
you might wish to consult your Instructor for confirmation.) 



STEPS 

Measure TI-TS 
Measure '[I-T6 
Measure' T6-T8 

Measure T6-T7 
Measure T7-T8 



APPROACH ONE 
READINGS 



Zero {approx.) 



CONCLUSIONS 
There Is an' open. 
This half Is good. 

The open ts located 
tn this half. 



0-10 {d/tpendt^ng This componen^^ 

on setting of Is good 
rheostat) 

^ \ Open switch. 



APPROACH TWO 



Measure TI-T8 
Measure T6-T8 
Measure T6-T7 



" ' There Is an opert. 

<» Open In this half. 

0-lD {depending This component Is 

on Setting of good, 
rheostat) 



Measure T7-T8 



Open switch. 



If ANY OF YOUR ANSVJerS IS INCORRECV , GO BACK TO FRAME Zh AND TAKE THE 
PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU HAY TAKE THE-.PROGRESS CHECK, OR YOU • 
HAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL THE ftUESTlOHS CORRECTLY, YOU HAVE HASTEREP THE ' . 
MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR. 

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHtCK AT THIS TIME, OR IF YOU 
MISSED ONE OR MORE QUESTIONS, STUDY ANY METHODOF INSTRUCTION YOU WISH 
UNTIL YOU .HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS CORRECTLY. THEN 
SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE TEST. 



'4 
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SUMHARY 
LESSON IV 



Th» Ohmmeter 

^Resistance Is m^sure^ with an ohmmeter* schematically represented 
Tlkft thts:^ Tc reduce the amount of equipment a repair- 

man must carryV^he ohmmeter Is normally combined with a voltmeter 
and an ammettr to make up a mul timeter (sometimes called a vol t* 
ohm^mll II ammeter or V O M) . In the rest of this course you wtH be 
using th« Simpson model 260-5P multimeter to measure circuit values. 




mo ft« rowii itvii 



OVCILOAD flOTCCfCD 
VOLT ^ OHM ^ MUlAMlyCTOI 



1^ ' ' 



lift* 
If 



The ohmmeter section of the Simpson 260-5P has three ranges: R x 1^ 
R X 100^ and R x I0»000. These scales can be used to measure re- 
sistances from about 0 to 200 ohms» 200 to 20»000 ohms» and 20»000 to 
2»000»000 ohms. 

Resistance values are read on the top scale of the meter and the 
value Indicated there li multTplled by the ran^e switch setting \ 
(x l» X I00» X lO^OOpK ^ ^ 




Simpson Meter Panel , 
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When you use the ohmmeter* theri are several rules to remember to 
make accurate readings without endangering yourself or the equipment. 
These are: 



)urjLadings fr 



1, Always take your j/eadings from a position directly In 
front of the meter, 

2* **Zero** the meter each time you change the range switch. 

3. Never connect an ohrmneter to a circuit which has voltage 
present. 

You_5ia^y_j3jyif^rjiL^ 4n Narrative-IV if-^your 

feel certain you are qualified; If not» continue Into Lesson IV. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH,. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE READY TO TAKE THE 
MODULE TEST, SEE YOUR INSTRUCTOR, 

-•IF YOU DECIDE KOJ TO TAKE THE PROGRESS CHfCK AT THIS TIME, OR'iF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF'INSTRUCTION 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY. THEN SEE YOUR INSTRUCTOR AiiD ASK TO TAKE THE MODULE 
TEST. 
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